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dc) 



in which : X is H or halogen; Y is H, halogen, alkyl, or optionally substituted amino; Z is COOH or 
» r^fW ' Q fe N or 0 havin9 a sufc, st'^ent R 2 and R 2 is H f halogen, or optionally substituted alkoxy or 
alM ; W is O or S; T is optionally substituted alkylene or alkenylene; W Is H, alkenyl, alkynyl, amino, 
cyctoalkyl, alkoxy, aryl, an aromatic heteromonocyde, a fused aromatic group or alkyl, said groups 
other than H, optionally being substituted ; - ...... ^ 

or 

R 1 and R 2 may together represent a group of formula (f) ; 

Gl G-A 

\ / (f) 

(CH 2 ) p 

wherein i A , is H or optionally substituted alkyl ; G is N or =CH ; G 1 is methylene, =CO, O, S or 
optionally substituted amino; and p - 0 or 1 ; ~~ 
R represents a group of formula (h) or (I) : 

R 4 



;n<— \ 



R 



\ (CH 2 ) m -<^ 



<CH 2 ) n . 
(CH 2 ) „-/ 



where R 3 and R 8 are optionally substituted and each is aryl, an aromatic heteromonocydic qrouo 
or a fused aromatic group ; 

t'5!, a o d *• eac ' 1 M or alkyl ; R 8 is H, alkyi. -OH or alkoxy ; n and n' are each 1 or 2 ; m - 0 or 1 and 
n - 1, 2, 3 or 4 ; and pharmaceutical^ acceptable salts and esters thereof, have useful anti-HIV activity, 
and can be used in therapy. 
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BACKGROUND OF THE INVENTION 

The present invention relates to derivatives of aminbquinolone, and uses therefor. 

AIDS (Acquired Immu no-deficiency Syndrome) is now generally accepted as being caused by the Human 
5 Immunodeficiency Virus (HIV). 

The aetiology of AIDS is not yet precisely known, but it is known that HIV mainly infects CD 4 lymphocytes, 
generally of the class of helper/inducer cefls. Lymphocyte numbers gradually decrease, and this eventually 
leads to severe cellular immunodeficiency. 

Very considerable research has been put into finding a cure for AIDS, but the development of a vaccine 
10 has proven extremely difficult Accordingly, other avenues have also been pursued. One such avenue is the 
development of antiviral agents. 

An antiviral agent currently on the market for the treatment of AIDS is AZT (Azidothymidine). The method 
of action of AZT is to inhibit the inherent reverse transcriptase of HIV, thus retarding or stopping reproduction 
of the virus. However, such a treatment can, at the best, only prolong life expectancy, and cannot cure com- 
15 pletely. Other antiviral agents which have been developed act in a similar fashion. 

Such inhibitory agents are also associated with side effects, such as disorders of the bone marrow and 
digestive system, and it has also been found that tolerance, or even total resistance, can be induced in the 
virus with a high frequency. Such resistant viruses can be generated even In patients receiving long-term ther- 
apy. 

20 In order to overcome the above problems, it would be highly desirable to develop new antiviral agents which 
could be used either alone, or In combination therapy with known agents. 

Anti-HIV activity has recently been reported for the compound DR-3355, which Is an optical isomer (S- 
isomer) of Ofloxacin, a synthetic anti-bacterial agent Ofloxacin has a qulnolone skeleton [J. Nozakl, Renard 
et at, AIDS (1990), 4, p. 1283]. Attempts by the present Inventors to reproduce the antiviral activity of DR-3355, 
25 using the method of R. Pauwel, et at, (infra) , have failed. 

WO-A-90-13542 discloses the antt-HIV activity of Norfloxacin, Enoxacin, Ciprofloxacin, Lomefloxacin, Di- 
floxacin and Tosufloxacin but, again, these compounds demonstrate little or no antl-HIV activity when tested 
by the Pauwel method. These compounds also possess a quinolone skeleton. 

30 SUMMARY OF THE INVENTION 

We have now discovered a series of new quinolone derivatives which, whilst exhibiting considerably weak- 
er antibacterial activity than those quinolone derivatives described above, exhibit very considerably enhanced 
anti-HIV activity. The new compounds disclosed herein have increased lipophflidty, and possess a diamine 
35 substituent which is, itself, further substituted by an aromatic group, such as an aryl group or an aromatic het- 
erocyclic group. The compounds of the invention are both capable of inhibiting HIV replication and inhibiting 
the cytopathic effect (CPE) of HIV, and so are useful as agents to inhibit HIV replication and as antl-AIDS 
agents. 

In a first aspect, the present invention provides a compound of the general formula (la), (lb) or (Ic): 

40 



Y O 



45 




(la) 



55 
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(lb) 



<lc) 



in which 

X represents a hydrogen atom or a halogen atom; 

Y represents a hydrogen atom, a halogen atom, a lower alkyl group, an amino group, or an amino group 
substituted by one or two groups selected from lower alkyl and aralkyl groups; 
Z represents a carboxyl group or a 5-tetrazoIyl group; 
Q represents a nitrogen atom or a group of formula (d) : 



^C-R 2 (d) 

where R 2 represents a hydrogen atom, a halogen atom, a lower alkoxy group, a lower alkoxy group 
substituted by one or more halogen atoms, a lower alkyl group, a lower alkyl group substituted by one or more 
halogen atoms; 

W represents an oxygen atom or a sulfur atom; 

T represents a C t _4 alkylene group or a alkenylene group, said groups optionally being substituted 
by a lower alkyl group; 

R 1 represents: a hydrogen atom; a lower alkenyl group which may optionally be substituted by one or 
more halogen atoms; a lower alkynyl group; an amino group which may optionally be substituted by one or more 
lower alkyl groups; a cycloalkyl group which may optionally be substituted by at least one halogen atom; a lower 
alkoxy group; an aryl group which may optionally be substituted by at least one substitu e nt R° as defined below; 
a 5- or 6-membered aromatic heteromonocyclic group having one or two heteroatoms selected from N, O and 
S, said ring optionally being substituted by at least one substituent R° as defined below; a fused aromatic group 
consisting of a benzene ring fused with a 5- or 6-membered aromatic heteromonocyclic group as defined 
above, said fused group optionally being substituted by at least one substituent R° as defined below; a lower 
alkyl group; or a lower alkyl group substituted by at least one substituent selected from 

halogen atoms, hydroxy! groups, carboxyl groups, alkanoyioxy groups, cycloalkyl groups, aryl 
groups which may optionally be substituted by at least one substituent R° as defined below, 5- or 6-membered 
aromatic heteromonocyclic groups having one or two heteroatoms selected from N, O and S, said ring optionally 
being substituted by at least one substituent R° as defined below, fused aromatic groups as defined above, 
said fused group optionally being substituted by at least one substituent R° as defined below, or an amino group 
represented by the formula (e): 

/*' 

< (e) 

N R io 
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V „■ 

wherein R 9 and R 10 separately represent a hydrogen atom or a lower alkyl group, or R 9 and 
R 10 , together with the nitrogen atom to which they are attached, form a 3- to 7-membered saturated monocyclic 
group comprising at least one further heteroatom selected from N, O and S, 
5 or 

when Q is a group of formula (d), then R 1 and R 2 may together represent a group of formula (f): 



G 1 L C« 

NCH 2 )£" A 

wherein A represents a hydrogen atom, or a lower alkyl group which may optionally be substituted 
15 by at least one substituent selected from halogen atoms, hydroxy and lower alkoxy groups; G represents a ni- 
trogen atom or a group of formula (g): 



20 



30 



35 



-of (g) 



G 1 represents a methylene group, a carbonyl group, an oxygen atom, a sulfur atom or a group 
of formula -N(R 11 )-, where R 11 represents a hydrogen atom or a lower alkyl group; and p = 0 or 1; 
25 R represents a group of formula (h) or (i): 

3 X \ 

R — N N — (h) 



l\ y<CH 2 ) n . 

(CH 2 )drO /N (i) 



R 

40 where R 3 and R 8 each represents an aryl group which may optionally be substituted by at least 

one substituent R° as defined below; a 5- or 6-membered aromatic heteromonocyclic group having one or two 
heteroatoms selected from N, O and S, said ring optionally being substituted by at least one substituent R° as 
defined below; a fused aromatic group consisting of a benzene ring fused with a 5- or 6-membered aromatic 
heteromonocyclic group as defined above, said fused group optionally being substituted by at least one sub- 
45 stituent R° as defined below; 

R 4 , R 5 and R 7 may be t he same or different, and each represents a hydrogen atom or a lower alkyl group; 
R 8 represents a hydrogen atom, a lower alkyl group, a hydroxy group or a lower alkoxy group; 
n = 1or2; 
m = Oor 1; 
60 n'= 1 or2; and 

n" = 1,2,3or4; 
and 

substituent R° are selected from halogen atoms, nitro groups, hydroxy groups, lower alkyl groups which 
may optionally be substituted with at least one halogen atom, lower alkoxy groups, and amino groups which 
55 may optionally be substituted with one or two lower alkyl groups, and when there are two or more substituents 
R°, each may be the same or different, 

or a pharmaceuticaily acceptable salt or ester thereof and an AIDS curing agent containing the compound rep- 
resented by the above formula (la), (lb) or (Ic) or an ester thereof as an active ingredient 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 



In the following, the present invention is explained in detail. 

The compounds represented by the formula (la), (lb) and (Ic) include compounds represented by the for- 
mulae (la-1), (lb-1) and (lc-1) and the formulae (la-2), (lb-2) and (lc-2) shown below. 
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10 



\ T / 



(lc-1) 



15 



20 



R 6 
\ 

/ 
R T 



Y 0 



y(CH,)n' r 



R , ^(CH l )n" // 



(Ic-2) 



wherein X, Y, Z, W, Q. T, Rt, R? to R 8 , m, n, n' and n" each have the same meanings as defined above. 
25 Further, as the compounds represented by the formula (la), (lb) and (Ic), there may be preferably men- 
tioned compounds represented by the formulae (la-3). (lb-3) and (lc-3), the formulae (la-4), (lb-4) and (lc-4), 
the formulae (la-5), (lb-5) and (lc-5), and the formulae (la-6) and (la-7). 



30 



35 




(Ia-3) 



40 



45 




<lb-3) 



so 
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(la-4) 



(Ib-4) 



(Ic-4) 



(Ia-5) 



(Ib-5) 
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Y Q 




(ic-5) 




(la-6) 




(Ia-7) 



wherein A, X, Y, Z, W, R, T and R 1 each have the same meanings as defined above; -OR 12 represents 
a lower alkoxy group which may be substituted by a halogen atom(s), particularly a difluoromethoxy group; 
R13 represents a hydrogen atom, a halogen atom or a lower alkyi group which may be substituted by a halogen 
atom(s); and A' represents a hydrogen atom or a lower alkyl group which may be substituted by a halogen 
atom(s). 

In the present invention, the compounds represented by the formulae (la-3), (lb-3), (Jc-3) and (la-6) are 
preferred, and the compounds represented by the formula (la-3) and the formula (la-6) wherein A* is a lower 
aJkyl group substituted by a fluorine atom(s) are particularly preferred. 

When X represents a halogen atom in the above formulae (la), (lb) and (Ic), suitable examples include 
fluorine, chlorine, bromine and iodine, and X is preferably hydrogen, fluorine or chlorine, particularly preferably 
fluorine or chlorine, and most preferably fluorine. 

Suitable examples of Y in the above formulae (la), (lb) and (Ic) include a hydrogen atom; a halogen atom 
such as fluorine, chlorine, bromine and iodine; a straight or branched chain C t to C 4 alkyl group such as methyl, 
ethyl, propyl, isopropyl, butyl and isobutyl; an amino group; a mono-G, to C 4 alkylamino group such as me- 
thylamino, ethylamino, propylamino, Isopropylamino and butyiamino; a dJ-C t to C 4 alkylamino group such as 
dimethylamino, diethyfamino, dipropyiamino. diisopropylamino and dibutyiamino; a mono aralkytamino group 
such as benzylamino and phenylethylamino; and a diaralkylamino group such as dibenzyl amino. 

The above Y is preferably hydrogen, fluorine, amino, methyl or ethyl, particularly preferably hydrogen, flu- 
orine, amino or methyl, most preferably hydrogen. ' 

Suitable examples of Z in the above formulae (la) and (Ic) include a carboxyl group which may be protected 
or a 5-tetrazolyl group. Where the compound of the present invention is an ester, for example, where Z repre- 
sents a carboxyl group, then suitable ester groupings include a C, to C 4 alkyl, aralkyl, to C 4 aikanoyloxyaJkyl, 
C, to C 4 alkoxycarbonyloxyaJkyl, N,N-dialky»-substituted aminocarbonylalkyi, N,N-dialkyJ-substituted aminoalk- 
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yl , alky! substituted by a 5- or 6-membered saturated monocyclic group having one or two hetero atoms selected 
from N, O and S, and (5-methyi- or 5-phenyi-2-oxo-1 ,3-dioxolen-4-yl)-methyl. The above Z is preferably a car- 
boxyt group which may be protected. 

W in the above formula (lb) is an oxygen atom or a sulfur atom, particularly preferably a sulfur atom. 

Suitable examples of T in the above formula (Ic) include a C, to C 4 alkyiene group which may be substituted 
by a C, to C 4 alkyl, such as methylene, ethylidene (-CH(CH 3 )-) ( ethylene, trimethylene, propylene and tetra- 
methylene. or a C2 to C 4 alkenyiene group which may be substituted by a C t to C 4 alkyl, such as -CH=CH- and 
-C(CHa)=CH-. T is preferably ethylidene, -CH=CH- or -C(CH3)=CH-, particularly preferably ethylidene. 

Suitable examples of the halogen atom represented by R 2 of the formula (d) represented by Q in the above 
formulae (la), (lb) and (Ic) include fluorine, chlorine, bromine and iodine, preferably fluorine or chlorine. 

Suitable examples of the lower alkyl group which may be substituted by a halogen atom(s) represented 
by R 2 include a C< to C 4 alkyl group such as methyl, ethyl, propyl, isopropyl and butyl, or a fluorine-substituted 
Ci to C 4 lower alkyl group such as fluoromethyt, difiuoromethyl, trifluoromethyl, 2-fluoroethyl, 3-fluoropropyl 
and 4-fluorobutyI, and methyl or trifluoromethyl is preferred. 

Suitable examples of the lower alkoxy group which may be substituted by a fluorine atom(s) represented 
by R 2 include a C, to C 4 alkoxy group such as methoxy, ethoxy, propoxy, isppropoxy and butoxy, or a fluorine- 
substituted to C 4 alkoxy group such as fluoromethoxy, difluoromethoxy, trifluoromethoxy, 2-f iuoroethoxy, 
2- or 3-f luoropropoxy and 4-fluorobutoxy, preferably methoxy, ethoxy, mono-, di- or trifluoromethoxy or 2-f Iu- 
oroethoxy, particularly preferably methoxy and mono-, di- or trifluoromethoxy, most preferably methoxy or di- 
fluoromethoxy. 

The above R 2 is preferably hydrogen; a halogen atom such as fluorine and chlorine; a lower alkyl group 
which may be substituted by a halogen atom such as methyl and trifluoromethyl; a lower alkoxy group which 
may be substituted by a halogen atom such as methoxy, ethoxy, fluoromethoxy, difluoromethoxy, trifluoro- 
methoxy or 2-fluoroethoxy; particularly preferably a methoxy group which may be substituted by a fluorine 
atom(s). Further, In the formula (la), a compound wherein R* Is a methoxy group or a difluoromethoxy group 
is most preferred. 

In the present specification, a lower alkyl/alkoxy group includes no more than 6 carbon atoms, preferably 
no more than 4, particularly 1 , 2 or 3. 

In the present invention, the characteristic feature of the compounds represented by the formulae (la), 
(lb) and (Ic) resides in that R in the formulae is a group represented by the formula (h) or (i) and to the nitrogen 
atom is bound the above aryl group or the aromatic heterocyclic group of R 3 or R 6 , each of which may be sub- 
stituted by R°. ! 

In the above formula (h), n is preferably 1. In the formula (0, the sum of n' and n" is preferably 3, 4 or 5 
and particularly preferably 3 or 4. m is preferably 0. 

In the above formulae (h) and (i), the aryl group represented by R 3 or R« may include phenyl and naphthyl, 
and the aromatic heteromonocycltc or fused heterocyclic group (hereinafter referred to as an •aromatic het- 
erocyclic group") may include 2-thfenyl, 2-furyl. 2-oxazolyl, 2-thiazolyl, 2-imidazolyl, 2-. 3- or 4-pyridyf, 2-, 4- 
or 5-pyrimidinyl, 2-pyrazinyi, 3-pyridazinyl, 2-benzoxazolyl, 2-benzothiazolyi and 2-benzimidazolyl. 

As t he substituent R° substituted on the above aryl or aromatic heterocyclic group, there may be mentioned 
a halogen atom such as fluorine, chlorine, bromine and iodine; a nitro group; a hydroxy! group; a straight or 
branched chain C, to C 4 alkyl group such as methyl, ethyl, propyl, isopropyl, butyl, s-butyl, isobutyt and t-butyl; 
a fluorine-substituted to C 4 alkyl group such as mono-, di- or trifluoromethyl, 2-fluoroethyl, 2- or 3-fluoro- 
propyl and 2-, 3- or 4-fluorobutyl; a to C 4 alkoxy group such as methoxy, ethoxy, propoxy, isopropoxy and 
butoxy; an amino group, a mono- Ci to C 4 alkyl-substituted amino group such as methyiamino, ethylamino, 
propylamino, isopropylamino, butylamino, isobutylamino, s^butylamino and t-butylamino; and a di- C, to C 4 
alkyl-substituted amino group such as dimethylamino, diethylamino, dipropylamino, diisopropylamino, dibuty- 
lamino, diisobutyl amino and ethyl(methyl)-amino. 

As the above R 3 and R«, the aromatic heterocyclic group which may be substituted by R° as mentioned 
above is preferred, and those wherein R is represented by the formula (h) and R 3 In the formula (h) Is an ar- 
omatic heterocyclic group which may be substituted by R° are particularly preferred. Among them, those in 
which R 3 is a 5- or 6-membered heteromonocyclic group having 1 or 2 nitrogen atom, which may be substituted 
by R°, are particularly preferred. Further preferred are those in which R 3 is a pyridyl group, pyrazinyi group 
or pyrimidinyi group which may be substituted by R° and R 3 is particularly preferably 2-pyrimidinyl group. 

Also, a compound wherein R is represented by the formula (h) and R 3 In the formula (h) is a phenyl group 
substituted by R° as mentioned above is preferred. 

As the above R 3 , there may be preferably mentioned phenyl; 2-pyridyl; 2-pyrazinyi; 2- or 4-pyrimidinyi; dn 
methoxy-2-pyrimidinyl; 2-thiazdyi; 2-benzoxazdyl; 2-benzothiazolyl; a phenyl substituted by fluorine, chlor- 
ine, methoxy, nitro, trifluoromethyl, amino or dimet hylamino at 2-, 3- or 4-position; a methoxy-, amino- or nitro- 
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substituted 2-pyridyl; and a chlorine-, methyl- or ethyl-substituted 2- or 4-pyrimidinyl; particularly preferred are 
phenyl; 2-pyridyl; 2-pyrazinyl; 2- or 4-pyrimidinyl; 2-thiazoiyl; a phenyl substituted by fluorine, chlorine, me- 
thoxy, nitro, trif luoromethyl, amino or dimethylamino at 2-, 3- or 4-position; a methoxy- or nitro-substituted 2- 
pyridyf; or a chlorine-, methyl- or ethyl-substituted 2- or 4-pyrimidinyl. 
R is most preferably a 4-(2-pyrimidinyl)piperazin-1-yi. 

In the above formulae (h) and (i), the lower alkyl group represented by R 4 , R 5 or R 7 may include a d to 
C 4 alkyl group such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl and t-butyl. preferably a methyl or an 
ethyl. 

In the above formula (0, the lower alkyl group represented by R 8 may include a straight or branched chain 
Ci to C 4 alkyl group such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl and t-butyl, preferably methyl, ethyl, 
propyl or isopropyl, more preferably methyl or ethyl. 

In the above formula (9, the lower alkoxy group represented by R 8 may include a C, to C 4 aikoxy group 
such as methoxy, ethoxy, propoxy, isopropoxy and butoxy, preferably methoxy, ethoxy or propoxy. 

The above R 4 , R 6 , and R 7 are preferably a hydrogen atom, methyl, ethyl, propyl or isopropyl, particularly 
preferably a hydrogen atom, methyl or ethyl. 

The above R 8 is preferably a hydrogen atom, a hydroxy group, methyl, ethyl, propyl, isopropyl, methoxy, 
ethoxy or propoxy, particularly preferably a hydrogen atom, a hydroxy group, methyl/ethyl, methoxy or ethoxy. 

In the above formulae (la) and (lb), the lower alkyl group and lower alkoxy group represented by R 1 may 
include the same straightor branched chain C t to C 4 alkyl group mentioned as the lower alkyl group represented 
by the above R 8 and the same C t to C 4 alkoxy group mentioned as the lower alkoxy group represented by the 
above R 8 

As the lower alkyl group having a substituent(s) represented by the above R\ there may be mentioned a 
hydroxy C, to C 4 alkyl group such as 2-hydroxyethyl, 2- or 3-hydroxypropyl, 2-, 3- or 4-hydroxy butyl; a carboxyl 
C t to C 4 alkyl group such as carboxymethyl, 1- or2-carboxyethyl, 1- or 3-carboxypropyl, 1-carboxybutyl and 

1- carboxy-2-hydroxyethyl; a halogeno C t to C 4 alkyl group such as fluoro-, chloro-, bromo- or lodomethyi, 2- 
(f luoro-, chloro-, bromo- or iodo)ethyl, 2- or 3-(f luoro-, chloro-, bromo- or lodo)propyl, 2-, 3- or 4-(f luoro-, chloro- 
, bromo- or bdo)butyl, difluoromethyl, trifluoromethyl and 2,2,2-trifluoroethyl; a C 3 to C 6 cycJoalky! C, to C 4 
alkyl group such as cyclopropylmethyl, cyclobutylmethyl, cyclopentylmethyl, cyclohexylmethyl, cyclopropyle- 
thyl, cyclopropylpropyl and cyclopropyl butyl; a C, to C 4 aJkanoyloxy C, to C 4 alkyl group such as 2-acetoxyethyl, 

2- or 3-acetoxypropyl, 2-, 3- or 4-acetoxybutyl, 2-proplonyloxyethyl and 2-butyryloxyethyl; a C, to C 4 alkyi 
group substituted by the same aryl group or aromatic heterocyclic group as mentioned as examples of R 3 and 
R 8 in the above formulae (h) and (0, or the C, to C 4 alkyl group substituted by a substituent represented by 
the above formula (e). 

The lower alkyl group represented by R*> or R 10 in the above formula (e) may include the same straight or 
branched chain C t to C 4 alkyl group as mentioned as the lower alkyl group represented by the above R 8 , and 
the saturated heteromonocyclic group formed by R° and R™ in combination in the above formula (e) may in- 
clude each group of aziridino, azetidino, pyrrolidine piperidino, morpholino, thiomorphoJino and piperazino. 

Suitable examples of the mono- or di-lower alkyl-substituted amino group represented by the above R 1 
include a mono- Cj to C 4 alkylamino group such as methylamino, ethyiamino, propylamine isopropylamino 
and butylamino, and a di-C, to C 4 alkylamino group such as dimethylamino. diethylamide dipropylamino, dii- 
sopropyiamino and dibutyiamina 

Suitable examples of the cycloalkyl group which may be substituted by a halogen represented by the above 
R 1 include a Cj to Ce cycloalkyl group such as cyclopropyl, cyclobutyl, cyciopentyt and cydohexyl; and a ha- 
!ogeno-C 3 to Ce cycloalkyl group such as 2-f luoro-, 2-chloro- or 2-bromocyclopropyl, 2,2-difluorocyclopropyl, 
2-chloro-2-fluorocyclopropyl, 2-fluorocyclobutyl, 2-fluorocyclopentyl and 2-fluorocydohexyl. 

Suitable examples of the lower alkenyl group which may be substituted by a halogen represented by the 
above R 1 include a Cj to Cg lower alkenyl group such as vinyl, 1- or 2-prdpenyl, 1-, 2- or 3-butenyl and 3,3- 
dimethyi-2-propenyl; and a halogeno-Ca to C 4 lower alkenyl group such as 3,3-dichloro-2-propenyl, 2,3-di- 
chloro-2-propenyl and 4-chloro-3-butenyl. 

Suitable examples of the lower alkynyl group represented by the above R* include a to C 4 lower alkynyl 
group such as ethynyl, 1- or 2-propynyl and 2-butynyl. 

Suitable examples of R* as mentioned above preferably include hydrogen atom; methyl, ethyl, propyl, Iso- 
propyl, butyl or t-butyl as the lower alkyl group; 2-hydroxyethyl, 2- or 3-hydroxypropyl, carboxymethyl, 1- or 

2- carboxyethyl, fluoromethyi, 2-fluoroethyl, 2-chioroethyl, 3-fluoropropyl, 3-chloropropyl, difluoromethyl, tri- 
fluoromethyl, 2,2,2-trifluoroethyl, cyclopropylmethyl, 2-acetoxyethyl, 2- or 3-acetoxypropyl, phertybnethyl, 1- 
or 2-phenylethyl, naphthylmethyl, 2-, 3- or 4-fluorophenyimethyl, 2,4-, 3,4- or 2,6-difluorophenyimethyl, 2-, 

3- or4-methylphenylmethyl, 2-. 3- or 4-chlorophenylmethyl, 2-, 3- or4-methoxyphenylmethyl, 2-thienylmethyl, 
2-furylmethyl, 2-pyridylmethyl, 2-pyrimidinylmethyl, 2-aminoethyl. 2-methylaminoethyl, 2-dimethylaminoe- 
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thyl, 2-morpholinoethyl or 2-piperidinoethyl as the lower alkyl group having a substituent(s); an amino group; 
methylamino, ethyfamino or dimethylamino as the amino group substituted by a lower alkyl; methoxy, ethoxy 
or propoxy as the lower alkoxy group; cyclopropyl, cyclobutyl, cyclopentyJ or 2-fluorocyclopropyl as the cy- 
cloalkyi group which may be substituted by a halogen; phenyl, naphthyl, 2-, 3- or 4-fIuorophenyl, 2-, 3- or4- 
chlorophenyl, 2,4-. 3,4- or 2,6-difluorophenyl or 2-, 3- or 4-methylphenyJ as the aryl group; 2-thiazolyl, 2-ox- 
azoiyl, 2-, 3-or 4-pyridyl, 2-, 4- or 5-pyrimidinyl, 2-benzoxazolyl or 2-benzothiazolyl as the aromatic hetero cy- 
clic group; vinyl. 2-propenyl, 3,3-dimethylpropenyl or 3.3-dichloropropenyl as the lower alkenyl group which 
may be substituted by a halogen; and ethynyl or 2-propynyl as the lower aikynyl group. 

As to the above R\ it is particularly preferred that the lower alkyl group is methyl, ethyl, propyl or Isopropyl; 
the lower alkyl group having a substituent(s) is 2-hydroxyethyl, carboxymethyl, 2-fluoroethyl, 2-acetoxyethyl, 
phenylmethyi, phenylethyl, 2-pyridylmethyl, 2-dimethylaminoethyl or 2-morpholinoethyl; an amino group; the 
amino group substituted by a lower alkyl is methylamino; the lower alkoxy group is methoxy; the cycloaikyl 
group which may be substituted by a halogen is cyclopropyl or 2-fluorocyclopropyl; the aryl group which may 
be substituted by a halogen(s) is phenyl, 2-, 3- or 4-fIuoro phenyl or 2,4-difluorophenyl; the lower alkenyl group 
which may be substituted by a halogen is vinyl or 2-propenyl; and the lower aikynyl group is 2-propynyl. 

When the bond represented by the formula (f) is formed by R 1 in the above formulae (la) and (lb), and R 2 
in combination, A in the formula (f) may include a hydrogen atom; a Ci to C 4 alkyl group such as methyl, ethyl, 
propyl, isopropyl and butyl; a halogeno-Ci to C 4 alkyl group such as f luoromethyl. chioromethyi, difluoromethyl, 
trifluoromethyl, 2-fluoroethyl, 2-chloroethyl, 2-bromoethyl, 2- or 3-fluoropropyl and 2-, 3- or 4-fluorobutyl; a 
hydroxy-Ci to C 4 alkyl group such as hydroxymethyl, 2-hydroxyethyt, 3-hydroxypropyl and 4-hydroxybutyl; and 
a Ci to C 4 aJkoxy-Ct to C 4 alkyl group such as methoxymethyl, ethoxymethyl, propoxymethyl, butoxymethyl, 
methoxyethyl, methoxypropyl and methoxybutyl. In theformula (f), G may include a nitrogen atom or a trivalent 
group represented by the formula (g), G 1 may included methylene group, a carbonyl group, an oxygen atom, 
a sulfur atom and -N(R 11 )- where R 11 represents a hydrogen atom, a C, to C 4 alkyl group such as methyl, ethyl, 
propyl and butyl; and p is 0 or 1. 

In the above formula (f), A is preferably a hydrogen atom, a lower alkyl group which may be substituted 
by a halogen, such as methyl, ethyl, propyl, isopropyl and f luoromethyl, particularly preferably methyl and f lu- 
oromethyl. As G, a group represented by the formula (g) is preferred. Also, as G 1 , it is preferably an oxygen 
atom or a sulfur atom, particularly suitably an oxygen atom, p is most preferably 1. 

When the above formula (la), (lb) or (Ic) has a carboxyl group in the molecule (i.e. as 2 or R*), such a 
carboxyl group may be protected. As such a protective group, there may be mentioned a group which is easily 
deprotected in vivo to be converted into a carboxyl group, including a Ci to C 4 alkyl group such as methyl, ethyl, 
propyl, isopropyl, butyl and isobutyl; an aralkyl group such as benzyl and phenylethyl; a Ci to C 4 alkanoyiox- 
yalkyl group such as acetoxymethyl and pivaloyloxymethyl; a Ci to C 4 aikoxycarbonyloxyalkyf group such as 

1- (ethoxycarbonyioxy)ethyl and 1-(isopropoxycarbonyloxy)ethyl; an N,N-dialkyl-substituted aminocarbony- 
lalkyl group such as N,N-dimethylaminocarbonylmethyl; and N,N-dialkyl-substituted aminoalkyi group such as 

2- (N,N-dimethylamino)ethyl; an alkyl group substituted by a 5- or 6-membered saturated heteromonocyclic 
group having one or two hetero atoms selected from N, O and S such as 2-morpholinoethyl, 2-piperidinoethyl 
and 2-(4-methylpiperidino)ethyl; or a (5-methyl- (or5-pheny!)-2-oxo-1,3-dioxolen-4-yl)methyl group. 

In the compounds represented by the above formulae (la) and (lb), when R 1 is a hydrogen atom, tautomers 
shown by the following formulae can exist, and all of these tautomers are included in the present invention. 
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in the present invention, the compound represented by the above formula (la), (lb) or (Ic) can be made 
into a pharmaceutical^ acceptable salt, if necessary. 

Such a salt may Include an acid addition salt of a mineral acid such as a hydrochloride, a hydrobromide, 
a hydroiodide, a sulfate and a phosphate; an acid addition salt of an organic acid such as a methanesulfonate, 
25 an ethanesulfonate, a benzenesulfonate, a p-toluenesulfonate, an oxalate, a maleate, a fumarate, a tartarate 
and a citrate; or a metal salt of a carboxytic acid such as a sodium salt, a potassium salt, a calcium salt, a mag- 
nesium salt, a manganese salt, an iron salt and an aluminum salt 

The compounds of the above formula (la), (lb) or (Ic) of the present Invention can exist as a hydrate. 

Compounds represented by the above formula (la), (lb) or (Ic) are exemplified in Tables 1 to 20 below. 
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Table 1 



o 




COOH 



R3 


R3 


Phenyl 


2-0xazolyl 


2 -F luorophenyl 


2-Thiazolyl 


3-Fluorophenyl 


2-Imidazolyl 


4-Fluorophenyl 


2-Pyridyl 


2-Chlorophenyl 


6-Methoxy-2-pyridyl 


3-Chlorophenyl 


3-Nitro-2-pyridyl 


4 -Chloropheny 1 


3-Amino-2-pyridyl 


2-Methoxyphenyl 


3 -Met hylamino-2 -pyr idy 1 


3-Methoxyphenyl 


3^EtHylamino-2-pyridyl 


4 -Me t hoxypheny 1 


3-Fluoro-2-pyridyl 


2-Nitrophenyl 


3-Pyridyl 


3-Nitrophenyl 


4-Pyridyl 


4-Nitrophenyl 


2-Benzoxazolyl 


2 -Ami nophen y 1 


5-Chloro-2-benzoxazolyl 


3-Aminophenyl 


2-Benzothiazolyl 


4-Aminophenyl 


5-Methyl-2-benzothiazolyl 


2-Dimethylaminophenyl 


2-Benzimidazolyl 


3-Dimethylaminophenyl 


2-Pyrimidinyl 


4-Dlraethylaminophenyl 


5-Chloro-2-pyrimidinyl 


2-Trif luoromethylphenyl 


4-Methoxy-2-pyrimidinyl 


3-Trif luoromethylphenyl 


4, 6-Dimethoxy-2-pyrimidinyl 


4 -Tr i f luoromethylphenyl 


4-Pyrimidinyl 


2, 4-Dif luorophenyl 


5-Chloro-6-methyl-4-pyrimidinyl 




3-Pyridazinyl 




6-Chloro-3-pyridazinyl 




2-Pyrazinyl 
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Table 2 



o 




R J 


R 3 


Phenyl 


2-0xazolyl 


2-Fluorophenyl 


2-Thiazolyl 


3-Fluorophenyl 


2-Imidazolyl 


4-Fluorophenyl 


2-Pyridyl 


2-Chlorophenyl 


6-Methoxy-2-pyridyl 


3-Chlorophenyl 


3-Nitro-2-pyridyl 


4-Chlorophenyl 


3-Amino-2-pyridyl 


2-Methoxyphenyl 


3-Methylamino-2-pyridyl 


J -Met noxypheny 1 


3-Ethylamino-2-pyridyl 


4 -Me t hoxypheny 1 


3-Fluoro-2-pyridyl 


z-Nitropnenyl 


3-Pyridyl 


3-Nitrophenyl 


4-Pyridyl 


4-Nitrophenyl 


2-Benzoxazolyl 


2-Aminophenyl 


5-Chloro-2-benzoxazolyl 


3-Arainophenyl 


2-Benzothiazolyl 


4-Arainophenyl 


5-Methyl-2-benzothiazolyl 


2-Dimethylaminophenyl 


2-Benzimidazolyl 


3-Dimethylaminophenyl 


2-Pyrimidinyl 


4-Dimethylaminophenyl 


5-Chloro-2-pyrimidinyl 


2-Trifluoromethylphenyl 


4-Methoxy-2-pyrimidinyl 


3-Trif luoromethylphenyl 


4 , 6-Dimethoxy-2-pyrimidinyl 


4-Trif luoromethylphenyl 


4-Pyrimidinyl 


2, 4-Dif luorophenyl 


5-Chloro-6-methyl-4-pyrimidinyl 




3-Pyridazinyl 




6-Chloro-3-pyridazinyl 




2-Pyrazinyl 
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Table 3 

i 




COOH 



R3 


R3 


Phenyl 


2-0xazolyl 


2-Fluorophenyl 


2-Thiazolyl 


3-Fluorophenyl 


2-Imidazolyl 


4-Fluorophenyl 


2-Pyridyl 


2-Chlorophenyl 


6-Methoxy-2-pyridyl 


3 -Ch 1 o r ophe n y 1 


3-Nitro-2-pyridyl 


4 -Ch loropheny 1 


3-Amino-2-pyridyl 


2-Methoxyphenyl 


3-Methylamino-2-pyridyl 


3-Methoxyphenyl 


3-Ethylamino-2-pyridyl 


4 -Me t hoxypheny 1 


3-Fluoro-2-pyridyl 


2-Nitrophenyl 


3-Pyridyl 


3-Nitrophenyl 


4-Pyridyl 


4 -Nit ropheny 1 


2-Benzoxazolyl 


2-Aminophenyl 


5-Chloro-2-benzoxazolyl 


3-Aminophenyl 


2-Benzothiazolyl 


4-Aminophenyl j 


5-Methyl-2-benzothiazolyl 


2-Dimethylaminophenyl 


2-Benzimidazolyl 


3-Dimethylaminophenyl 


2-Pyrimidinyl 


4-DimethylaminophenyI 


5-Chloro-2-pyrimidinyl 


2-Trif luoromethylphenyl 


4 -Me t hoxy-2 -py r imidiny 1 


3-Trifluoromethylphenyl 


4, 6-Dimethoxy-2-pyrimidinyl 


4-Trif luoromethylphenyl 


4-Pyrimidinyl 


2, 4-Dif luorophenyl 


5-Chloro-6-methyl-4-pyriraidinyl 




3-Pyridazinyl 




6-Chloro-3-pyridazinyl 




2-Pyrazinyl 
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Table 4 

o 




COOH 



R 3 


R3 


Phenyl 


2-Thiazolyl 


2-Fluorophenyl 


2-Imidazolyl 


3-Fluorophenyl 


2-Pyridyl 


4-Fluorophenyl 


6-Methoxy-2-pyridyl 


2-Chlorophenyl 


3-Nitro-2-pyridyl 


3-Chlorophenyl 


6-Nitro-2-pyridyl 


4-Chlorophenyl 


3-Amino-2-pyridyl 


2-Methoxyphenyl 


3-Methylamino-2~pyridyl 


3 -Me t hoxyph e ny 1 


3-Ethylamino-2-jpyridyl 


4-Methoxyphenyl 


3-Fluoro-2-pyridyl 


2-Ethoxyphenyl 


3-Pyridyl 


2-Nitrophenyl 


4-Pyridyl 


3-Nit ropheny 1 


2-Benzoxazolyl 


4-Nitrophenyl 


5-Chloro-2-berizoxazolyl 


2-Aminophenyl 


2-Benzothiazolyl 


3-Aminophenyl 


5-Methyl-2-benzothiazolyl 


4-Aminophenyl 


2-Benzimidazolyl 


2-Dimethylaminophenyl 


2-Pyrimidinyl 


3-Dimethylaminophenyl 


5-Chloro-2~pyrimidinyl 


4 -D imet hy laminopheny 1 


4 -Met hoxy-2-py r imidiny 1 


2-Trifluoromethylphenyl 


4, 6-Dimethoxy-2-pyrimidinyl 


3-Trif luoromethylphenyl 


4-Pyrimidinyl 


4-Trif luoromethylphenyl 


6-Ethyl-4-pyriraidinyl 


2, 4-Dif luorophenyl 


6-Chloro-4-pyrimidinyl 


2-Methyiphenyl 


5-Chloro-6-methyl-4-pyrimidinyl 


3-Methylphenyl 


3-?yridazinyl 


3-Hydroxyphenyl 


6-Chloro-3-pyridazinyl 


2-Oxazolyl 


2-Pyrazinyl 
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Table 5 



o 




COOH 





R3 


Phenyl 


2-0xazolyl 


2-Fluorophenyl 


2-Thiazolyl 


3-Fluorophenyl 


2-Imidazolyl 


4 -Fluorophenyl 


2-Pyridyl 


2-Chlorophenyl 


6-Methoxy-2-pyridyl 


3-Chlorophenyl 


3-Nitro-2-pyridyl 


4 -Ch 1 o r ophe n y 1 


3-Amino-2-pyridyi 


2 -Met hoxyphenyl 


3-Methylamino-2-pyridyl 


3-Methoxyphenyl 


3-Ethylamino-2-pyridyl 


4 -Met hoxyphenyl 


3-Fluoro-2-pyridyl 


2 -Nit rophenyl 


3-Pyridyl 


3-Nitrophenyl 


4-Pyridyl 


4 -Nit rophenyl 


2-Benzoxazolyl 


2-Aminophenyl 


5-Chloro-2-benzoxazolyl 


3-Aminophenyl 


2-Benzothiazolyl 


4-Aminophenyl 


5-Methyl-2-benzothiazolyl 


2-Dimethylaminophenyl 


2-Benzimidazolyl 


3-Dimethylaminophenyl 


2-Pyrimidinyl 


4-Dimethylaminophenyl 


5-Chloro-2-pyrimidinyl 


2-Tr if luoromethylphenyl 


4 -Met hoxy-2 -pyr imidiny 1 


3-Trif luoromethylphenyl 


4, 6-Dimethoxy-2-pyrimidinyl 


4-Trif luoromethylphenyl 


4-Pyrimidinyl 


2, 4-Dif luorophenyl 


5-Chloro-6-methyl-4-pyrimidinyl 




3-Pyridazinyl 




6-Chloro-3-pyridazinyl 




2-Pyrazinvl 
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Table 6 




COOH 



R3 


R3 


Phenyl 


2-Oxazolyl 


2-Fluorophenyl 


2-Thiazolyl 


3-Fluorophehyl 


2-Iraidazolyl 


4 -Fluoropheny 1 


2-Pyridyl 


2-Chlorophenyl 


6-Methoxy-2-pyridyl 


3-Chlorophenyl 


3-Nitro-2-pvridvl 


4-Chlorophenyl 


3— Amino— 2— ovridvl 


2-Methoxyphenyl 


3-Methylamino-2-pyridyl 


3-Methoxyphenyl 


3— Ethylaraino— 2— pyridyl 


4-Methoxyphenyl 


3-Fluoro-2-pyridyl 


2 -Ni t ropheny 1 


3-Pyridyl 


3-Nitrophenyl 


4-Pyridyl 


4-Nitrophenyl 


2 -B en z oxa z o 1 y 1 


2 -Aminophenyl 


5-Chloro-2-ben2oxazolyl 


3-Aminophenyl 


2-Benzothiazolyl 


4 -Aminophenyl 


5-Methyl-2-benzothiazolyl 


2-Dimethylaminophenyl 


2-Benzimidazolyl 


3-Dimethylaminophenyl 


2-Pyrimidinyl 


4-Dimethylaminophenyl 


5-Chloro-2-pyrimidinyl 


2-Trifluoromethylphenyl 


4-Methoxy-2-pyrimidinyl 


3-Trif luoromethylphenyl 


4 , 6-Diraethoxy-2-pyrimidinyl * r 


4 -Tr i f luororaet hy Ipheny 1 


4-Pyrimidinyl 


2, 4-Dif luorophenyl 


5-Chloro-6-methy 1-4 -pyrimidinyl • 


4 -Me thy Ipheny 1 j 


3-Pyridazinyl 


4 -Hydroxypheny 1 


6-Chloro-3-pyridazinyl 




2-Pyrazinyl 
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Tabl e 7 




COOH 



R2 



R3 



Methyl 

4-Fluorophenyl 

2, 4 -Dif luorophenyl 

Methyl 

Methyl 

Methyl 

Methyl 

Methyl 

Methyi 

Methyl 

Methyl 

Methyl 

Isopropyl 

Isopropyl 

4-Fluorophenyl 

2, 4-Dif luorophenyl 

Cyclobutyl 

Cycloheptyl 

Cyclohexyl 

Methoxy 

2-Fluorocyclopropyl 

Ethyl 

H 

2-Hydroxyethyl 

2-Acetoxyethyl 

Carboxymethyl 

2~Dimethylaxninoethyl 

2 -Mo rpho 1 i noe t hy 1 

2-Pyridylmethyl 

Methylamino 

2-Kydroxyethyl 

Methylamino 

Vinyl 

2-Propenyl 
Ethynyl 
2-Propynyl 
Cyclopropylmethyl 
2, 4-Dif luorophenyl 



Methoxy 
Methoxy 
Methoxy 

Dif luoromethoxy 
Dif luoromethoxy 
Dif luoromethoxy 
Dif luoromethoxy 
Dif luoromethoxy 
Dif luoromethoxy 
Dif luoromethoxy 
Dif luoromethoxy 
Di f luoromethoxy 
Dif luoromethoxy 
Dif luoromethoxy 
Dif luoromethoxy 
Dif luoromethoxy 
Dif luoromethoxy 
Di f luoromethoxy 
D i f luoromet hoxy 
D i f luoromet hoxy 
Dif luoromethoxy 
Ethoxy 

Dif luoromethoxy 
Dif luoromethoxy 
Di f luoromethoxy 
Dif luoromethoxy 
Dif luoromethoxy 
Dif luoromethoxy 
Dif luoromethoxy 
Dif luoromethoxy 
Dif luoromethoxy 
Dif luoromethoxy 
Dif luoromethoxy 
Di f luoromethoxy 
Dif luoromethoxy 
Dif luoromethoxy 
D i f luoromet hoxy 
Dif luorome t hox v 



3- Chlorophenyl 

4- Nitrophenyl 
4-Diiret^ylaminophenyl 
2-Methylphenyl 

2- Methoxyphenyl 

3- Methoxyphenyl 

4- Methoxyphenyl 
2 -Hydr oxypheny 1 
4 -Chloropheny 1 

4 -Fluorophenyl 

2-Pyridyl 

2-Pyrimidinyl 

2-Methoxyphenyl 

2-Pyrimidinyl 

2 -Aminopheny 1 

2-^Trifluoromethylphenyl 

2-Pyrimidinyl 

2-Pyrimidinyl 

2-Pyrimidinyl 

2-Pyrimidinyl 

2-Pyrimidinyl 

2-Methoxyphenyl 

2-Methoxyphenyl 

2-Methoxyphenyl 

2 -Methoxypheny 1 

2-Methoxyphenyl 

2-Methoxyphenyl 

2-Methoxyphenyl 

2-Methoxyphenyl 

2-Methoxyphenyl 

2-Pyrimidinyl 

2-Pyrimidinyl 

2-Pyrimidinyl 

2-Pyrimidinyl 

2-Pyrimidinyl 

2-Pyrimidinyl 

2-Pyrimidinyl 

2-Pyrimidinyl 
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Table 8 




COOH 



x 




t 


Ethyl 


PT 


Etnyl 


Li 


Etnyl 


L± 


Etnyl 


C 


^—r luoroetnyl 


pi 


t luoroetnyl 


r*i 
ux 


£— r luoroetnyl 




^ c luoroetnyl 


c 


Cyc lop ropy 1 


CI 


Cyclopropyl 


CI 


Cyclopropyl 


CI 


Cyclopropyl 


F 


Ethyl 


CI 


Ethyl 


CI 


Ethyl 


CI 


Ethyl 


CI 


Ethyl 


F 


2-Fluoroethyl 


CI 


2-Fluoroethyl 


CI 


2-Fluoroethyl 


CI 


2-Fluoroethyl 


CI 


2-Fluoroethyl 


F 


Cyclopropyl 


CI 


Cyclopropyl 


CI 


Cyclopropyl 


CI 


Cyclopropyl 


F 


Cyclopropyl 


F 


Cyclopropyl 


F 


Isopropvl 



R2 



R3 



Methoxy 

Methoxy 

Methoxy 

Methoxy 

Methoxy 

Methoxy 

Methoxy 

Methoxy 

Methoxy 

Methoxy 

Ethoxy 

Propoxy 

Dif luoromethoxy 
D i f luoromethoxy 
Dif luoromethoxy 
Fluoromethoxy 
Trif luoromethoxy 
Dif luoromethoxy 
Dif luoromethoxy 
Dif luoromethoxy 
Fluoromethoxy 
Trif luoromethoxy 
Dif luoromethoxy 
Dif luoromethoxy 
Fluoromethoxy 
Trif luoromethoxy 
Fluoromethoxy 
Dif luoromethoxy 
Dif luoromethoxy 



2, 4-Dichlorophenyl 
3, 4-Dichlorophenyl 

1- Naphthyl 

2- Naphthyl 

2, 4-Dichlorophenyl 
3, 4-Dichlorophenyl 

1- Naphthyl 

2- Naphthyl 

2, 4-Dichlorophenyl 
3, 4-Dichlorophenyl 

1- Naphthyl 

2- Naphthyl 

2, 4 -Dif luorophenyl 
2, 4-Dichlorophenyl 
3, 4-Dichlorophenyl 

1- Naphthyl 

2- Naphthyl 

2, 4 -Dif luorophenyl 
2 , 4 -Dichlorophenyl 
3, 4-Dichlorophenyl 

1- Naphthyl 

2- Naphthyl 

2, 4-Dichlorophenyl 
3, 4-Dichlorophenyl 

1- Naphthyl 

2- Naphthyl 
2-Oxazolyl 
2-Pyridyl 
2-Methoxyphenyl 
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Table 9 

o 




COOH 



R 1 


R 2 


n 


R3 


R4 


R5 


Ethyl 


Methoxy 


2 


2-Pyridyl 


H 


H 


2-Fluoroethyl 


Methoxy 


2 


2-Pyridyl 


H 


H 


Cyclopropyl 


Methoxy 


2 


2-Pyridyl 


H 


H 


Ethyl 


Methoxy 


2 


2-Pyrimidinyl 


H 


H. 


2-Fluoroethyl 


Methoxy 


2 


2-Pyrinudinyl 


H 


H 


Cyclopropyl 


Methoxy 


2 


2-Pyrimidinyl 


H 


H 


Ethyl 


Methoxy 


1 


2-Pyrimidinyl 


Methyl 


H 


2-Fluoroethyl 


Methoxy 


1 


2-Pyrimidinyl 


Methyl 


H 


Cyclopropyl 


Methoxy 


1 


2-Pyrimidinyl 


Methyl 


H 


Ethyl 


Methoxy 


1 


2-Pyridyl 


Methyl 


H 


2-Fluoroethyl 


Methoxy 


1 


2-Pyridyl 


Methyl 


H 


Cyclopropyl 


Methoxy 


1 


2-Pyridyl 


Methyl 


H 


Ethyl 1 


Difluoromethoxy 


2 


2-Pyridyl 


H 


H 


2-Fluoroethyl 


Dif luoromethoxy 


2 


2-Pyridyl 


H 


H 


Cyclopropyl 


Difluoromethoxy 


2 


2-Pyridyl 


H 


H 


Ethyl 


Difluoromethoxy 


2 


2-Pyrimidinyl 


H 


H 


2-Fluoroethyl 


Difluoromethoxy 


2 


2-Pyrimidinyl 


H 


H 


Cyclopropyl 


Difluoromethoxy 


2 


2-Pyrimidinyl 


H 


H 


Ethyl 


Di f luoromethoxy 


1 


2-Pyrimidinyl 


Methyl 


H 


2-Fluoroethyl 


Difluoromethoxy 


1 


2-Pyrimidinyl 


Methyl 


H 


Cyclopropyl 


Difluoromethoxy 


1 


2-Pyrimidinyl 


Methyl 


H 


Ethyl 


Difluoranethoxy 


1 


2-Pyridyl 


Methyl 


H 


2-Fluoroethyl 


Difluoromethoxy 


1 


2-Pyridyl 


Methyl 


H 


Cyclopropyl 


Difluoromethoxy 


1 


2-Pyridyl 


Methyl 


H 


Methyl 


Difluoromethoxy 


1 


2-Pyrimidinyl 


Methyl 


Methyl 


Ethyl 


Di f luoromet hoxy 


1 


2-Pyrimidinyl 


Methyl 


Methyl 


Cyclopropyl 


Difluoranethoxy 


1 


2-Pyrimidinyl 


Methyl 


Methyl 
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Table 10,, 



o 




COOH 





1 p2 
K 




n 


Ethyl 


LI 

H 


2-Fluorophenyl 


u 
n 


4-Fluorophenyl 


u 
n 


2# 4— Dif luoronhon vl 


LI 

rl 


CvcloDroDvl 


LI 
il 


Ethyl 


LI 

rl 


2 — F 1 u o roe t h V 1 


H 


4**Fluornnhpnvl 


H 


Cvclnnrnnu 1 


F 


Methyl 


r 


Ethyl 


F 


2-Fluoroethyl 


F 


2-Fluoroethyl 


F 


Cyclopropyl 


F 


4-Fluorophenyl 


F 


2, 4-Dif luorophenyl 


F 


Methyl 


CI 


4 -Fluoropheny 1 


CI 


2, 4-Dif luorophenyl 


CI 


Methyl 


Br 


Methyl 


Methyl 


4-Fluorophenyl 


Methyl 


2, 4-Dif luorophenyl 


Methyl 


Ethyl 


Trifluoromethyl 


Cyclopropyl 


H 


t-Butyl 


H 


2, 4-Dif luorophenyl 


H 


2-Fluoroethyl 


F 


2-Hydroxyethyl 


F 


Ethyl 


CI 


Ethyl 


Methvl 



R3 



2-Methoxyphenyl 

2 - Me t hoxyphe ny 1 

3- Methoxyphenyl 

4- Trifluoromethylphenyl 

3- Aminophenyl 
2-Pyridyl 
2-Pyridyl 
2-Pyridyl 
2-Pyridyl 
2-Methoxyphenyl 
2-Fluorophenyl 
2-Methoxyphenyl 
2-Methoxyphenyl 
2-Pyridyl 

2- Pyridyl 

4 - Met hoxyphenyl 
4-Aminophenyl 

3- Fluorophenyl 
2-Nitrophenyl 

2- Dimethylaminophenyl 

4- Fluorophenyl 
2^Chlorophenyl 

3- Nitrophenyl 
3-Dimethylaminophenyl 
2-Pyrimidinyl 
2-Pyrimidinyl 
2-Pyrimidinyl 
2-Pyrimidinyl 
2-Pyrimidinyl 
2-Pyrimidinyl 
2-Pyrimidinyl 
2-Pvrimidinvl 
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Table 1,1, 

0 




r3 


R J 


Phenyl 


2-0xazolyl 


2— Fluorophenyl 


2-Thiazolyl 


3-Fluorophenyl 


2-Imidazolyl 


4— Fluorophenyl 


2-Pyridyl 


unxoropnenyl 


6-Methoxy-2-pyridyl 


^ ^_ /"^ 1 ^ r> V* »^ v » ^ 

j"Lnioropnenyi 


3-Nitro-2-pyridyl 


** xor opnenyx 


4-Amino-2-pyridyl 


z-Metnoxypnenyl 


3-Methylamino-2-pyridyl 


^ «-v ^ V% /-v VP * r t~\ V\ j^k V\ w r 1 

0 wetnoxypfienyi 


3-Ethylamino-2-pyradyl 


*i wctnoAypneiiyi 


3-Fluoro-2-pyridyl 


z"wiLropiicnyi 


3-Pyridyl 


3 -N jl t ropheny 1 


4-Pyridyl . 


4 -N it ropheny 1 


2-Benzoxazolyl 


2-Aminophenyl 


5-Chloro-2-benzoxazolyl 


3-Aminophenyl 


2-Benzothiazolyl 


4-Aminophenyl 


5-Methyl-2-benzothiazolyl 


2-Dimethylaminophenyl 


2-Benzimidazolyl 


3-Dimethylaminophenyl 


2-Pyrimidinyl 


4-Dimethylaminophenyl 


5-Chloro-2-pyrimidinyl 


2-Trif luoromethylphenyl 


4-Methoxy-2-pyrimidinyl 


3-Trif luoromethylphenyl 


4, 6-Dimethoxy-2-pyrimidinyl 


4-Tr if luoromethylphenyl 


4-Pyrimidinyl 


2 , 4-Di fluorophenyl 


5-Chloro-6-methyl-4-pyrimidinyl 




3-Pyridazinyl 




6-Chloro-3-pyridazinyl 




2-Pyrazinyl 
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* o 




X 


Y 


n 


R3 


R< 


CI 


H 


1 


2, 4-Dichlorophenyl 


H 


CI 


H 


1 


3, 4-Dichlorophenyl 


H 


CI 


Amino 


1 


1-Naphthyl 


H 


CI 


Amino 


1 


2-Naphthyl 


H 


F 


H 


2 


2-Pyridyl 


H 


F 


H 


2 


2-Pyrimidinyl 


H 


F 


H 


1 


2-Pyridyl 


Methyl 


F 


H 


1 


2-Pyrimidinyl 


Methyl 
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Table 1.1 




COOH 



R3 



G 


A 


CH 


CH 3 


CH 


CH-j 


CH 


CH3 


ru 




CH 


CH 3 




CH3 


CH 


CH 3 


CH 


CH 3 


CH 


CH 3 


CH 


CH? 


CH 


CH3 


CH 


CH 3 


CH 


CH 3 


CH 


CH 3 


CH 


CH 3 


CH 


CH 3 


CH 


CH 3 


CH 


CH 3 


CH 


CH 3 


CH 


CH 3 


CH 


CH 3 


CH 


CH 3 


CH 


CH 2 C1 


CH 


CH 2 OH 


CH 


CH 2 OCH 3 



R3 



G 


A 


CH 


CH 3 


CH 


CH 3 


CH 


CH 3 




t*n 3 


CH 


CH 3 


CH 


CH 3 


CH 


CH 3 


CH 


CH 3 


r»ti 
v»n 




CH 




CH 


CH 3 


CH 


CH3 


CH 


CH 3 


CH 


CH-a 


CH 


CH3 


CH 


CH3 


CH 


CH 3 


CK 


CH 3 


CH 


CH 3 


CH 


CH 3 


CH 


CH 3 


CH 


CH 3 


CH 


CH 3 


CH 


CH 3 


CH 


CH 3 


CH 


CH 3 


CH 


H 


N 


CH 3 



2- Fluorophenyl 

3 - F luor ophen y 1 

4- Fluorophenyl 

2- Chlorophenyl 

3- Chlorophenyl 

4- Chlorophenyl 

2- Methoxyphenyl 

3- Methoxyphenyl 

4 - Me t hoxy phen y 1 

2- Nitrophenyl 

3- Nitrophenyl 

4- Nitrophenyl 

2- Aminophenyl 

3- Aminophenyl 

4 - Aminopheny 1 

2- Dirathylamino- 
phenyl 

3- Dimethylamino» 
phenyl 

4 -Dimethy laraino- 
phenyl 

2- Trifluoromethyl- 
phenyl 

3- Trifluoromethyl- 
phenyl 

4 -Trifluoromethyl- 
phenyl 

2, 4-Difluorophenyl 
2-Pyrimidinyl 
2-Pyrimidinyl 
2-Pyrimidinyl 



2-Oxazolyl 
2-Thiazolyl 

2- Imidazolyl 
| 2 -Pyridyl 

6-Methoxy-2-pyridyl 
I 3-Nitro-2 -pyridyl 
J 3-Amino-2-pyridyl 
[ 3-Methylamino-2- 
I pyridyl 

! 3-Ethylamino-2- 
I pyridyl 

] 3-Fluoro-2-pyridyl 

3- Pyridyl 
! 4-Pyridyl 

2-Benzoxazolyl 

5-Chloro-2- 

benzoxazolyl 

2-Benzothiazolyl 

5-Methyl-2-benzo- 

thiazolyl 

2-Benzimidazolyl 

2- Pyrimidinyl 

5 -Chloro-2 -pyr imi - 
I dinyl 

4 -Methoxy-2-pyr irni- 
I dinyl 

4 , 6-Dimethoxy-2- 
pyrimidinyl 

4- Pyriraidinyl 

5- Chlora-6-methyl-4- 
[ pyrimidinyl 

3- Pyridazinyl 

6- Chloro-3-pyrida-- 
zinyl 

I 2-Pyrazinyi 
2-Pyrimidinyl 
' 2-Pyrimidinyl 
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Table 14 



O 




COOH 



R3 


G 


Gl 


A 


P 


2-Pyrimidinyl 


CH 


S 


H 


1 


2-Pyrimidinyl 


CH 


S 


CH 3 


1 


2-Pyrimidinyl 


CH 


S 


CH 2 F 


1 


2-Pyrimidinyl 


CH 


NH 


CH 3 


1 


2-Pyrimidinyl 


CH 


NCH 3 


CH 3 


1 


2-Pyrimidinyl 


CH 


CH 2 


H 


1 


2-Pyrimidinyl 


CH 


CH 2 


CH 3 


1 


2-Pyrimidinyl 


CH 


CH 2 j 


CH 2 F 


1 


2-Pyrimidinyl 


CH 


CH 2 


H 


0 


2-Pyrimidinyl 


CH 


CH 2 


CH 3 


0 


2-Pyrimidinyl 


N 


CH 2 


CH 3 


1 


2-Pyrimidinvl 


CH 


CO 


CH3 


1 
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^MCH,)-/ 



COOH 



X 


Y 


n 


R3 


R* 


CI 


H 


1 


2, 4-Dichlorophenyl 


H 


CI 


H 


1 


3/ 4-Dichlorophenyl 


H 


CI 


Amino 


1 


1-Naphthyl 


H 


CI 


Amino 


1 


2-Naphthyl 


H 


F 


H 


2 


2-Pyridyl 


H 


F 


H 


2 


2-Pyrimidinyl 


H 


F 


H 


1 i 


2-Pyridyl 


Methyl 


F 


H 


1 


2-Pvrimidinvl 


Methvl 



Table 16 




COOH 





r R 3 


Cyclopropyl 


2-Pyridyl 


Ethyl 


2-Pyridyl 


2-Fluoroethyl 


2-Pyridyl 


4-Fluorophenyl 


2-Methoxyphenyl 


Ethyl 


2-Methoxyphenyl 


Ethyl 


2-Pyrimidinyl 


2, 4-Dif luoroohenyl 


2-Pyrimidinvl 
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Table 1 7 



y o 




X 


Y 


Z 


R 1 


R 2 


R 3 


H 


H 


Carboxyl 


Ethyl 


Difluoro- 
methoxy 


2-Pyrimi- 
dinyl 


F 


H 


5-Tetrazolyl 


Ethyl 


Difluoro- 
methoxy 


2-Pyrimi- 
dinyl 


F 


F 


Carboxyl 


Cyclo- 
propyl 


c 


2-pyrimi- 
dinyl 


F 


H 


E t ho xy c ar b on y 1 


Ethyl 


Difluoro- 
methoxy 


2-Pyrimi- 
dinyl 


F 


H 


2-Morpholino- 


Ethyl 


Difluoro- 


2-Pyrimi- 




ethoxycarbonyl 


methoxy 


dinyl 


F 


H 


2-Piperidino- 


Ethyl 


Difluoro- 


2-Pyrimi- 






ethoxycarbonyl 


methoxy 


dinyl 


F 


H 


2- (4-methylpiperi- 


Ethyl 


Difluoro- 


2-Pyrimi- 




dino) ethoxycarbonyl 


methoxy 


dinyl 


F 


H 


2-Morpholino- 
ethoxycarbonyl 


Methyl 


Difluoro- 
methoxy 


2-Methoxy- 
phenyl 


F 


Methyl 


Carboxyl 


Ethyl 


H 


2-Methoxy- 
phenyl 


F 


Methyl - 
amino 


Carboxyl 


Ethyl 


Difluoro- 
methoxy 


2-Pyrimi- 
dinyl 


F 


Dimethyl- 
amino 


Carboxyl 


Ethyl 


Difluoro- 
methoxy 


2-Pyrimi- 
dinyl 


F 


Benzyl- 
amino 


Carboxyl 


Ethyl 


Difluoro- 
methoxy 


2-Pyrimi- 
dinyl 


F 


Benzyl- 
amino 


Carboxyl 


Ethyl | 


Difluoro- 
methoxy 


Phenyl 


F 


H 


Acetoxymethoxy- 
carbonyl 


Ethyl 


Difluoro- 
methoxy 


2-Pyrimi- 
dinyl 
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Tablft IS 



10 



\-<CH 2 ) ra -<\ \j 
y „a/*CCH 2 >' n .' 




COOH 



C 2 H 5 



15 



20 



25 



30 



R* 


R7 


R8 


m 


n' 


n n 


2-Pyrimidinyl 


H 


H 


0 


1 


2 


Phenyl 


H 


4 -OH 


0 


1 


2 


Phenyl 


H 


4-OCH3 


0 


1 


2 


2-Pyrimidinyl 


Methyl 


H 


0 


1 


2 


2-Pyrimidinyl 


H 


H 


1 


1 


2 


2-Pyrimidinyl 


Methyl 


H 


1 


1 


2 


2-Pyrimidinyl 


H 


H 


0 1 


2 


2 


2-Pyrimidinyl 


Methyl 


H 


0 


2 


2 


2-Pyrimidinyl 


H 


H 


0 


1 


3 


2-Pvrimidinyl 


H 


H 


0 


1 


1 
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Table 19 




COOH 





R3 


T 


H 


2-Pyrimidinyl 


V 

CH, 


Methoxy 


2-Pyrimidinyl 


V 


Dif luoromethoxy 


2-Pyrimidinyl 


V 

CH 3 


Dif luoromethoxv 


2-Pvrimidinvl 


\ / 


Dif luoromethoxv 


2-Pvrimidinvl 




Dif luoromethoxy 


2-Pyrimidinyl 


CH 3 



Table 2Q 




Rl 


R2 


R3 


W 


Ethyl 


Dif luoromethoxy 


2-Pyrimidinyl 


S 


Ethyl 


Methoxy 


2-Pyrimidinyl 


S 


Ethyl 


Dif luoromethoxy 


2-Pyrimidinyl 


0 


Ethyl 


Methoxy 


2-Pyrimidinyl 


0 


Ethyl 


Dif luoromethoxy 


2-Pyridyl 


S 


Ethvl 


Methoxv 


2-Pyridvl 


S 



Among the above compounds of the present invention, the following compounds are preferred: 
1 -cydopropyl^ffuoro^if luoronret^ 
3-carboxylic acid, 
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1-cydopropyi^fluort>-8-diflu 

acid, 1-cydopropyi-6-fluoro-8-difluorometh^ 

noline-3-carboxylic acid, 

1-cydopropyL&-fluoro-8^muo^ 

boxylic acid, 

Wluoro-Mifluoromethox 

boxylic acid, \ 

6-fluoro^ffluoromethaxy-l-rra^ 

add, 

1-(2^cetoxyethyI)-Wluoro-&<ffl 
line-3-carboxyiic acid, 
1-ethyl-6-fluoro-8-dif!uorometho^ 
yiicacid, .:- 

1- ethyt-6-fluc>ro-Wiflu^ 
add, 

9-fluoro-3.fluoromethyi-10-[4-(2-pyrimidinyl)piperaa [1,4]ben- 
zoxazine-6-carboxylic acid, 

2- morpholinoethyl 1-ethyl-6-fluorc)-8^ifluoromethoxy-7-[4-(2-pyrim 
oxoquinoline-3-carboxyiate, 

ethyl 1-ethyl^fluoro^ifluoromethox^^ 
carboxylate, 

2-piperidinoethyl 1^thyl-6-fluoro-8-dffluoromethoxy-7-[4-^ oxo- 
quinoline-3-carboxylate, 

2-(4-methylpiperidlno)ethyI 1-ethyl-6-f luoro-8-dif luoro- methoxy-7-[4-(2-pyrimidinyl)plperazin-1 -yl]-1 ,4-dihy- 
dro-4-oxoquinoline-3-carboxylate and 

2-morphollnoethyl Mluoro-8^ifluoromethoxy-1-methyk7-[4-(2^methoxyphenyl)piperazin-1-^ 

4-oxoquinoline-3-Garboxylate 1 

and 1^thyl-6-fluoro-Wifluororr«th^ 

carboxylic add is particularly preferred. 

The compounds represented by the above formulae (la), (lb) and (Ic) can be prepared by Method Ashown 
below. 

In the case of the compound represented by the formula (la), it can be also prepared by Method B shown 
below. 
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55 
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wherein R, R 1 , Q, T, W, X, Y and Z each have the same meanings as defined above; Hal represents a 
halogen atom; and L represents a fluorine atom or an acetoxy group. 

In Method A, the desired compound of the formula (la), (lb) or (lc) is prepared by coupling the quinolone 
derivative (Ilia), (HJb) or (lllc) with the cyclic amine derivative (V) in the presence or absence of a base and in 
the presence or absence of a solvent. . 

As the solvent to be used in this reaction, there may be preferably used an aprotic polar solvent such as 
dimethyl sulfoxide, N.N-dimethylformamide, hexamethylphosphorictriamide and N f N-dimethylacetamide, and 
in addition, there may be also used ketones such as acetone and methyl ethyl ketone; ethers such as diethyl 
ether, tetrahydrofuran and dioxane; esters such as ethyl acetate; alcohols such as methanol, ethanol, propa- 
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no!, isopropano! and butanol; and nitrites such as acetontoile. As the base, there may be exemplified tertiary 
amines such as 1,&-diazabicy^ 

lamine, pyridine, picoline, lutidine and coliidine; a metal alkoxide such as sodium methoxide, sodium ethoxide 
and potassium-t-butoxide; and an inorganic base such as sodium carbonate and potassium carbonate. 

The amount of the base to be used is preferably an equimofar amount to 5-fold moles based on the com- 
pound (Ilia), (lilb) or (lllc), and when the above tertiary amine is used, an extremely excessive amount thereof 
may be used as a solvent The excessive cyclic amine (V) also functions as a base so that the reaction can 
proceed smoothly even when other base is not added. The reaction is carried out in the range of 0 °C to 200 
°C. 

In Method A, the desired compound represented by the formula (la) or (Ic) can be also obtained by carrying 
out the same reaction by not using the compound (Ilia) or (lllc) in which Z is a carboxyl group but using a lower 
alkyl ester compound thereof to prepare a lower alkyl ester oompound corresponding to the formula (la) or 
(Ic), and then hydrolyzing the resulting compound according to a conventional manner. 

In Method B, the desired compound of the formula (la) is prepared by reacting the boron chelate compound 
(IVa) of a carboxyquinolone with the cyclic amine (V) by the same method as in Method A to obtain the com- 
pound (la'), and then reacting the compound (la*) in an aqueous alcohol in the presence of a base whereby 
decomposing the chelate. 

As the base to be used for decomposing the chelate in the above Method B, there may be mentioned an . 
alkali hydroxide such as sodium hydroxide and potassium hydroxide; an alkali carbonate such as sodium car- 
bonate and potassium carbonate; tertiary amines such as 1,8-diazabicyclo[5.4.0]-7-undecene, 1,5-diazabicy- 
clo[4.3.0]-5-nonene, triethyiamine and 4-dimethylaminopyridine; or a metal alkoxide such as sodium methox- 
ide, sodium ethoxide and potassium-t-butoxide. 

In the reaction described above, after completion of the reaction, the desired compound can be obtained 
by treating the reaction mixture according to a conventional manner, and, if necessary, it can be purified by a 
conventional purification means such as recrystallization and column chromatography. 

The compounds of the formulae (la), (lb) and (Ic) thus obtained are made Into desired salts according to 
a conventional manner, if necessary. 

The compounds of the above formulae (la), (lb) and (Ic) wherein R 3 In the substituent R is an aromatic 
heterocyclic group can be also prepared by Method C shown below. 
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wherein R 4 , R 5 , R 7 , R 8 , m, n, n\ n n and HaJ each have the same meanings as defined above; R y and 
R* represent the aromatic heterocyciic groups mentioned in the description of R 3 and R 6 ; and M represents a 
formula of (Ma), (Mb) or (Mc), 
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* O 




10 



N 



(Ma) 




or 



15 



20 



25 




(Mc) 



30 



wherein R1, Q, T, W, X, Y and Z each have the same meanings as defined above. 
The reaction of Method C is carried out in the same manner as in Method A. 

The compounds (VI) and (VII) which are used as starting materials in Method C can be prepared by using 
the compound (Ilia), (lllb), (lllc) or (IVa) as a starting compound and reacting said starting compound in the 
same manner as in Method A or Method B by using the cyclic amine (V-1) or (V-2) shown below in place of 
the above cyclic amine (V). 



35 



40 



H — N 



(V'-l) 



N — H or 



/ 



R 

(V-2) 



Hv ,(CH 2 ) n . 
V? „ 8 /*(CH 2 > n .' 



wherein R* R 5 , R 7 , R 8 , m, n, n' and n" each have the same meanings as defined above. 
45 The compound of the above formula (la) or (Ic) wherein Z is a 5-tetrazolyl group can be also prepared from 
a corresponding cyano compound of the formula (IX) or (X), respectively, by Method D shown below. 
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wherein R, R 1 , Q, T, X and Y each have the same meanings as defined above. 

In Method D, the compound (la") or (Ic") is synthesized by reacting the compound (IX) or (X) with a 1- to 
10-fold molar amount, preferably a 1- to 5-fold molar amount of an azide compound in a solvent 

As the azide compound to be used in the reaction, there may be mentioned, for example, alkali metal azides 
such as sodium azide, potassium azide and lithium azide; alkaline earth metal azides such as calcium azide 
and magnesium azide; and organic tin azides such as tributyitin azide and triphenyitin azide. In said reaction, 
the azide compound may be used singly or may be used in combination with, for example, a Lewis acid such 
as aluminum chloride, stannic chloride, zinc chloride, titanium chloride, tri(butyi)tin chloride and a trif luorobor- 
an-diethyl ether complex; ammonium salts such as ammonium chloride and tetramethyiammonium chloride; . 
sulfonic acids such as methanesutfonic acid and ethanesulfonic acid; alkali metal chlorides such as lithium 
chloride; and amine salts such as triethyiamine hydrochloride. As a use example of the above azide compound, 
there may be also employed a method in which tri(butyl)tin azide is formed from tri(butyl)tin chloride and sodium 
azide in a system, and then provided for use. 

The solvent to be used is not particularly limited so long as it is inactive to the reaction, and may include, 
for example, aprotic polar solvents such as N,N-dimethyiformamide, dimethyl sulfoxide, N-methylpyrrolidone 
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and N p N-dimethy!acetamide; ethers such as tetrahydrofuran, dimethoxyethane, diethoxyethane and dloxane; 
aromatic hydrocarbons such as benzene, toluene and xylene; and aliphatic hydrocarbons such as hexane and 
petroleum ether. 

5 The reaction temperature is in the range of 0 to 200 °C, preferably 0 to 150 °C. The reaction time varies 
depending on the other conditions, but it is generally 1 to 72 hours, preferably 3 to 48 hours. 

In the above Method A and Method B, the compounds of the formulae (lllb) and (IVa), and the compounds 
of the formulae (Ilia) and (lllc) in which Z is a carboxyl group or lower alkyl ester compounds thereof which 
are used as starting materials, can be easily prepared by using corresponding starting materials suitably ac- 

10 cording to a known method, for example, methods described in Japanese Provisional Patent Publications No. 
30964/1981, No. 74667/1983 (which corresponds to US Patent Nos. 4,620,007, 4,670,444 and 5,077,429, 
hereinafter the same), No. 90511/1983, No. 103393/1983 (US Patent No. 4,426,381), No. 67290/1984, No. 
76091/1984, No. 56959/1 985 (US Patent No. 4,730,000), No. 126271/1985, No. 163866/1985 (US Patent No. 
4.774,246), No. 172981/1985, No. 174786/1985 (US Patent No. 4,616,019), No. 452/1987 (US Patent Nos. 

15 4,762,831, 4,859,773 and 4,958,045), No. 53987/1987 (US Patent No. 4,720,495), No. 155282/1987, No. 
187472/1987 (US Patent No. 4,767,762), No. 228063/1987, No. 107990/1988, No. 132891/1988 (US Patent 
No. 4,801,584), No. 198664/1988 (US Patent No. 4,997,943), No. 264461/1988 (US Patent Nos. 4,855,292 
and 4,935,420), No. 297366/1988, No. 124873/1990 (US Patent No. 5,073,556), No. 191257/1990 (US Patent 
No. 4,971,970), No. 231476/1990 (US Patent No. 5,073,556) and No. 209367/1991. 

20 Among the compound of the formula (Ilia) or (lllc), the compound of the formula (llia*> or (lllc*) wherein Z 
is a 5-tetrazoryl group can be prepared from a corresponding cyano compound by Method E shown below. 
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45 wherein R 1 , Q, T, X Y and Hal each have the same meanings as defined above. 

Method E is carried out in the same manner as in Method D. In Method E, the compounds of the formulae 
(Ilia") and (Hie") which are used as starting compounds can be prepared by using various starting materials 
in which a part corresponding to a carboxyl group b a cyano group according to the methods described in the 
publications enumerated about the compounds of the above formulae (Ilia) and (lllc) wherein Z is a carboxyl 

50 group. 

In the compounds represented by the above formulae (la), (lb) and (Ic) prepared as described above, opt- 
ical isomers or geometrical (cis or trans) Isomers may exist In that case, optical isomers or geometrical isomers 
of the corresponding desired compounds of the formulae (la), (lb) and (Ic) can be obtained by carrying out 
the above reaction using optically divided or separated starting compounds, if desired. Also, the respective 
55 stereoisomers can be also obtained by processing a mixture of optical isomers or geometrical isomers of the 
compounds represented by the formulae (la), (lb) and (Ic) according to a conventional optical division method 
or separation method. 

When the compounds represented by the above formulae (la), (lb) and (Ic) have carboxyl groups in their 
molecules, the carboxyl groups may be protected to form esters as described above, and the ester formation 



40 



EP 0 572 259 A1 



reaction is carried out by using a corresponding carboxy! compound and a corresponding alcohol according 
to a conventional method (e.g. a dehydration condensation method by an acid catalyst, a method through an 
acid halide or a dehydration condensation method using a carbodiimide). 

5 The compounds represented by the formulae (la), (lb) and (Ic) are useful as an AIDS curing agent The 
compounds of the present invention may be administered by any suitable route commonly used for antiviral 
compounds, and may be formulated in admixture with conventional additives or adjuvants for this purpose. 
For example, for oral administration, there may be formulated as tablets, capsules, granules, powders or syrup; 
whilst for parenteral administration, they may be formulated as injections or suppositories. 

10 Where the compounds of the present invention are to be administered by injection, they may be adminis- 
tered by a conventional route such as, for example, by the intravascular, intraperitoneal, intramuscular or sub- 
cutaneous routes. 

Injectable formulations will generally comprise a pharmaceutical^ acceptable carrier and, optionally, one 
or more additional antiviral compounds and, if necessary, substances to render the injection isotonic with the 
15 body fluids, as well as other ingredients as may be required, such as emulsif iers. 

Injections may be sub-divided for separate administration, whether simultaneously or over a period of time, 
suitably weeks. 

The pharmaceutical preparations of the present invention can be prepared by any conventional means, 
using such additives as vehicles, binders, disintegrators, lubricants, stabilizers and corrigents. 
20 Although the dosage may vary, depending on the age, body weight and symptoms of the patient, for an 
adult human patient, a suitable daily dosage may be from about 1 00 to about 2000 mg, or from about 1 to about 
25 mg/kg body weight, per day, which may be administered as a single dose or divided into several doses. 
When several-fold doses (calculated based on weight) of the above dose of the compounds of the formulae 
(la), (lb) and (Ic) were orally administered to rats, toxicities thereof were not recognized. 

25 

EXAMPLES 

The present invention will now be illustrated in more detail with reference to the accompanying Examples 
and Reference examples. 

30 

Example 1 

Synthesis of 1-cyclopropyl-6-fluoro-8-difIuoromett^ 
oxoquinoline-3-carboxylic acid-hydrochloride 

35 
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COOH 
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45 

In 20 ml of pyridine were dissolved 1.66 g (0.005 mole) of 1-cydopropyl-6,7-difluoro-8-difluoromethoxy- 
1,4KJihydro-4-oxoquinoline-S-<^rboxylic acid and 2.4 g (0.0125 mole) of 1-(2-methoxyphenyl)piperazine, and 
the mixture was stirred at 105 to 110 °C for 3 hours. Then, the solvent was removed under reduced pressure, 
and the residue was subjected tosflica gel column chromatography (the eluent used was a mixture of chloro- 
so form : methanol = 9.5 : 0.5) to obtain 1.33 g of of free title compound. Next, 1.33 g of the free compound was 
dissolved In 100 ml of a mixture of chloroform and methanol (4 : 1), and 2 ml of cone, hydrochloric acid was 
added thereto. The mixture was concentrated under reduced pressure, and the residue was washed with a 
mixture of methanol and ethanol (4:1), and dried to obtain 1.08 g of the title compound as white powder. 
Melting point 223 to 225 °C 

55 NMR(DMSO-d* 8): 1.04 - 1.07 (2H. m), 1.16 ~ 1.17 (2H, m), 3.30 (4H, bns>, 3.47 (4H, br.s), 3.86 (3H, 

s), 4.09 - 4.12 (1H, m), 6.90 ~ 7.27 (5H, m), 7.95 - 7.98 (1H, d, J=12.1Hz), 8.79 (1H, 
s) 

. MS spectrum (CI) : m/e 504 (M*+1) 
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Examples 2 to 62 

Using a similar method to Example 1, but using appropriate starting materials, the compounds shown in 
5 Table 21 were synthesized. 
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T able 21 ' 
y o 

I J 



pie 


Y 




R2 


R 3 


m.p. CC) 


2 


H 


Cyclo— 
Dropvl 


uiriuoro- 
methoxv 


Phenyl 


209 to 211 


3 


H 


propyl 


uixiuoro— 
methoxv 


2-Chlorophenyl 


281 to 284 


4 


H 


propyl 


uirxuoro— 
raethoxv 


3-Chlorophenyl 


201 to 203 
! (HCl salt) 


5 


H 


Cyclo— 
propyl 


L/-i..L lUUIU 

methoxy 


4-Chlorophenyl 


Zoo to 265 
(I/2H2O adduct) 


6 


H 


Cyclo- 
propvl 


Difluoro- 
methoxv 


4-Fluorqphenyl 


224 to 226 

vn.v-.-L Sdlu) 


7 


H 


Cyclo- 
proDvl 


Dlfluoro- 
methoxv 


3-Wethoxyphenyl 


209 to 212 


8 


H 


Cyclo- 
propyl 


Difluoro- 
methoxv 


4 -Met hoxypheny 1 


253 to 255 


9 


H 


Cyclo- 
DroDvl 


Difluoro- 


4-Nitrophenyl 


278 to 283 


10 


H 


Cyclo- 
propvl 


Difluoro- 
methoxv 

* w A 1WAY 


4-Aminophenyl 


255 to 260 
\ xi2L/ aaauCL ) 


11 


H 


Cyclo- 
propvl 


Difluoro- 
methoxv 


4-Dimethyl- 
aminophenvl 


265 to 271 
(decomposed) 


12 


H 


Cyclo- 
propyl 


Difluoro- 
methoxy 


4-Trif luoro- 
methylphenyl 


224 to 226 
(I/2H2O adduct) 


13 


H 


Cyclo- 
propyl 


Difluoro- 
methoxv 


2-Pyridyl 


230 to 232 
(HCl salt) 


14 


H 


Cyclo- 
propyl 


Difluoro- 
methoxy 


6-Methoxy-2- 
pyridyl 


209 to 212 
(I/2H2O adduct) 


15 


H 


Cyclo- 
propyl 


Difluoro- 
methoxy 


4-Amino-2- 
pyridyl 


238 to 244 
(HCl salt- 
I/2H2O adduct) 


16 


H 


Cyclo- 
proovl 


Difluoro- 
methoxv 


3-Ethylamino- 
2-pyridvl 


232 to 234 


17 


H 


Cyclo- 
propyl 


Difluoro- 
methoxv 


3-Nitro-2- 
pvridvl 


233 to 237 


18 


H 


Cyclo- 
propyl 


Difluoro- 
methoxv 


2-Pyrimidinyl 


264 to .266 


19 


H 


Cyclo- 
propyl 


Difluoro- 
methoxy 


5-Chloro-2- 
pyrimidinyl 


258 to 260 
<1/2H;0 adduct) 


20 


H 


Cyclo- 
propyl 


Difluoro- 
methoxy 


4, 6-Dimethoxy- 
2-pvrimldinvl 


291 to 293 
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Table 21 (contd) 
O 

J 

N 



Exam- 
ple 


Y 


R 1 


R 2 


R3 




21 


H 


Cyclo- 
propyl 


Difluoro- 
methoxv 


9 — Rpn 7.nYa ? n 1 vl 


f- r\ 010 


22 


Amino 


Cyclo- 
propyl 


Difluoro- 
methoxy 


2-Py r idyl 


288 to 290 
(1/2H20 adduct) 


23 


H 


Methyl 


Difluoro- 
methoxy 


2-Ml i fhnYvnhpnul 


238 to 239 
(I/2H2O adduct) 


24 


H 


Methyl 


Difluoro- 
methoxv 


2-Pyrimidinyl 


272 to 274 


25 


H 


Isqpropyl 


Difluoro- 
methoxy 


2-Methoxyphenyl 


192 to 196 


26 


H 


Isopropyl 


Difluoro- 
methoxy 


2-Pyrimidinyl 


278 to 281 
{I/2.H2O adduct) 


27 


H 


2-Fluoro- 
ethyl 


F 


2-Methoxyphenyl 


248 to 250 


28 


H 


Ethyl 


Difluoro- 
methoxy 


2-Methylphenyl 


262 to 264 


29 


Amino 


Isopropyl 


Difluoro- 
methoxy 


2-Methoxyphenyl 


232 to 233 


30 


H 


Ethyl 


Difluoro- 
methoxv 


2-Ethoxyphenyl 


186 to 188 


31 


H 


Ethyl 


uitiuoro- 
methoxy 


2-Thiazolyl 


242 to 244 


32 


H 


Ethyl 


Difluoro- 
methoxy 


2-Pyridyl 


251 to 253 


33 


H 


Ethyl 


Difluoro- 
methoxy 


3-Nitro-2- 
pyridyl 


218 to 219 
(HC1 salt-, 
I/2H2O adduct) 


34 


H 


Ethyl j 


Difluoro- 
methoxv 


5-Chloro-2- 
pvrimidinvl 


285 to 288 


35 


H 


Ethyl 


Difluoro- 
methoxv 


6-Ethyl-2- 
pvrimidinvl 


197 to 201 


36 


H 


Ethyl 


Difluoro- 
methoxv 


6-Chloro-4- 
pyrimidinyl 


224 to 226 


37 


H 


Ethyl 


Difluoro- 
methoxv 


2-Pyrazinyl 


257 to 260 


38 


H 


2-Fluoro- 
ethyl 


Difluoro- 
methoxy 


2-Methoxyphenyl 


230 to 231 


39 


H 


2-Fluoro- 
ethyl 


Difluoro- 
methoxy 


2-Pyrimidinyl 


.264 to 266 . 




44 



EP 0 572 259 A1 



Table 21 (contd) 

Y O 

COOH 



R 



Exam- 
ple 


Y 


Rl 


R2 


R3 


ra.p. CC) 


40 


H 


Methyl 


Difluoro- 
methoxv 


3-Methoxyphenyl 


171 to 172 


41 


H 


Methyl 


Difluoro- 
methoxv 


4 -Methoxypheny 1 


255 to 257 


42 


H 


Methyl 


Difluoro- 
methoxy 


4-Fluorophenyl 


270 to 272 


43 


H 


Methyl 


Difluoro- 
methoxv 


2-Pyridyl 


254 to 255 


44 


H 


H 


Difluoro- 
methoxy . 


2-Msthoxyphenyl 


254 to 256 


45 


H 


2-Hydroxy- 
ethvl 


Difluoro- 
methoxv 


2 -Met hoxypheny 1 


237 to 241 


46 


H 


2-Acetoxy- 
ethvl 


Difluoro- 
methoxv 


2-Methoxyphenyl 


209 to 211 


47 


H 


Carboxy- 
methyl 


Difluoro- 
methoxy 


2-Methoxyphenyl 


231 to 232 


48 


H 


2-Dimethyl- 
aminoethvl 


Difiuoro- 
methoxy 


2 -Me thoxypheny 1 


236 to 237 


49 


H 


2-Morpho- 
linoethvl 


Difluoro- 
methoxy 


2-Methoxyphenyl 


215 to 217 


50 


H 


2-Pyridyl- 
methvl 


Difluoro- 
methoxv 


2-Methoxyphenyl 


237 to 239 


51 


H 


Methylamino 


Difluoro- 
methoxv 


2-Methoxyphenyl 


234 to 236 


52 


H 


2 -Hydroxy- 
ethvl 


Difluoro- 
methoxy 


2-Pyrimidinyl 


254 to 256 


53 


H 


Methylamino 


Difluoro- 
methoxy 


2-Pyrimidinyl 


231 to 233 


54 


H 


2-Hydroxy- 
ethvl 


F 


2-Pyrimidinyl 


239 to 241 


55 


H 


Ethyl 


CI 


2-Pyrimidinyl 


230 to 231 
(1/2H20 adduct) 


56 


F 


CycloDropyl 


F 


2^Pvrimidinvl 


255 to 257 


57 


H 


2-Propenyl 


Difluoro-. 
methoxy 


2-Pyrimidinyl 


255 to 256 
(I/2H2O adduct) 


58 


H 


2-Propynyl 


Difluoro- 
methoxy 


2-Pyrimidinyl 


254 to 255 


59 


H 


Ethyl 


Methyl 


2-Pyrimidinyl 


270 to 272 
(1/2H20 adduct) 
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Table 21 (contd) 




COOH 



Exam- 
ple 


Y 




R2 


R3 


m.p. CC) 


60 


H 


2,4-Diflu- 
orophenvl 


Difluoro- 
methoxy 


2-Pyrimidinyl 


188 to 190 


61 


Methvl 


Ethvl 


H 


2-Methoxvohenvl 


242 to 243 


62 


H 


Ethyl 


Difluoro- 
methoxy 


4-Pyrimidinyl 


238 to 240 



Example 63 

Synthesis of 1-ethyl-6-f luoro-8-dif luoromet hoxy-7-[4-(2-methoxyphenyl)piperazln-1 -yf]-1 ,4-dihydro-4-oxo- 
quinoline~3-carboxylic acid 



,OCH 3 




COOH 



OCHF 2 



C 2 H 5 



To a suspension of 5.0 g (0.016 mole) of 1-ethyl-6 l 7-difluoro-8-difluoromethoxy-1,4-dihydro-4- 
oxoquinoline-3-carboxylic acid and 20 mi of methyl isobutyi ketone was added 4.54 g (0.032 mole) of boron 
trif luoride-diet hyl ether complex and the mixture was ref luxed by heating for 6 hours while stirring. The reaction 
mixture was left to stand for cooling and, precipitated crystals were collected by filtration and washed with ether 
and chloroform to obtain 32 g of l^thyi^J-difluoro^drfluorometrroxy^ 
carboxylic acid-BF 2 chelate compound as pale pink crystals. 

To 5 ml of dimethyl sulfoxide were added 0.5 g (0.00136 mole) of the thus obtained chelate compound, 
1.3 g (0.0068 mole) of 1-{2-methoxyphenyl)piperazine and 2 ml of triethylamine, and the mixture was stirred 
at room temperature for 5 hours and then left to stand overnight Water was added to the reaction mixture, 
and the yellow crystals which precipitated were collected by filtration and washed with water. The crystals were 
dissolved In 100 ml of 80 % methanol containing 2.5 ml of trfethylamine, and the solution was refiuxed by heat- 
ing for 12 hours. Then, the solvent was removed under reduced pressure, and the residue was washed with 
a mixed solvent of ethanol and water, and dried to obtain 0.5 g of the title compound as a pale red powder. 
Melting point 219 to 222 °C 

NMR(DMSO-d* 8): 1.28 (3H, t, J=7.0Hz), 3.11 (4H, br.s), 3.47 (4H, br.s). 3.81 (3H, s) t 4.74 (2H, q, J=7.0 

Hz), 6.92 ~ 7.32 (5H, m), 8.01 - 8.04 (1H, d ( J=12.1Hz), 8.96 (1H, s) 
MS spectrum (CI) : m/e 492 (M*+1) 

Examples 64 to 89 

By the same method as in Example 63, compounds shown in Table 22 and Table 23 were synthesized. 
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Tabic 2? 



o 

R 



Exam- 
ple 




R2 


R3 


n 


m.p. (*C) 


64 


Cyclopropyl 


Methoxy 


2-Methoxy- 
phenyl 


1 


201 to 203 
(H2O adduct) 


65 


Cyclopropyl 


Methoxy 


2-Pyridyl 


1 


209 to 213 (HC1 
salt-H20 adduct) 


66 


Cyclopropyl 


Methoxy 


2-Pyrimi- 
dinyl 


1 


262 to 264 


67 


Ethyl 


Difluoro- 
methoxv 


2-Pyrirai- 
ainyl 


1 


251 to 253 


68 


Ethyl 


Difluoro- 
methoxv 


4 -Methoxy- 
phenyl 


1 


247 to 249 


69 


Ethyl 


Methoxy 


2-Methoxy- 
phenyl 


1 


245 to 247 


70 


2-Fluoroethyl 


Methoxy 


2-Methoxy- 
phenyl 


1 


239 to 241 


71 


Cyclopropyl 


F 


2 -Methoxy- 
pnenvj. 


1 


207 to 209 


72 


Cyclopropyl 


H 


2-Methoxy- 

piiciiyi. 


1 


227 to 229 
{ 1/ zrl2<J aOuUCt; 


73 


Cyclopropyl 


F 


2-Pyridyl 


1 


23,8 to 241 
(HC1 salt) 


74 


Ethyl 


F 


2-Methoxy- 
phenyl 


1 


221 to 223 
(I/2H2O adduct) 


75 


Ethyl 


H . 


2-Methoxy- 
phenyl 


1 


208 to 209 
(I/4H2O adduct) 


76 


4-Fluorophenyl 


H 


2-Pyridvl 


1 


>300 


77 


Cyclopropyl 


Difluoro- 
methoxv 


2-Pyrimi- 
dinvl 


2 


279 to 282 


78 


Ethyl 


Ethoxy 


2-Methoxy- 
phenyl 


1 


223 to 225 


79 


Ethyl 


Difluoro- 
methoxv 


2-Pyrimi- 
dinvl 


2 


246 to 248 


80 


Cyclopropyl 


H 


2-Pyrimi- 
dinyl 


1 


296 to 298 
U/2H2O adduct) 


81 


2, 4-Dif luoro- 
phenyl 


H 


2-Pyrimi- 
dinyi 


1 


>300 
(I/2H2O adduct) 


82 


2-Fluoroethyl 


F 


2-Pyrimi- 
dinvl 


1 


260 to 262 


83 


Ethyl 


Difluoro- 
methoxv 


2-Pyrimi- 
dinyl 1 


1 


252 to 255 
(HC1 salt) 
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10 




COOH 



15 



20 



25 



Exam- 
ple 


A 


G 


R3 


m.p. CC) 


84 


-CH 3 


>CH- 


2-Methoxvphenvl 


2 62 to 264 


85 


-CH 3 


>CH- 


2-Pyridyl 


267 to 272 
<1/2H 2 0 adduct) 


86 


-CH2F 


>CH- 


2-Pyridyl 


272 to 273 (decomposed) 
(HC1 salt-H 2 0 adduct) 


87 


-CH 2 F 


>CH- 


2-Pvrimidinvl 


290 to 299 


88 


-H 


>CH- 


2-Pyrimidinyl 


289 to 298 (decomposed) 
(HC1 salt-H 2 0 adduct) 


89 


-CH 3 


>N- 


2-Pvrimidinvl 


>300 



30 Example 90 

Synthesis of 6-fluoro-1-(4-fluorophenylH^^ ,4-dihydro-4-oxo-1 ,8-naph- 

thyridine-3-carboxylic acid 

35 



40 



45 



,OCHi 



COOH 



\=/ w 




50 



55 



in 40 ml of ethanol was dissolved 0.81 g {0.0042 mole) of 1-(2-methoxyphenyl)piperazine, and to the sol- 
ution was added gradually 1.02 g (0.0028 mole) of ethyl 7-chloro-e-fluoro-1-(4-fluorophenyl)-1 f 4-dihydn>4- 
oxo-1,8-naphtriyrldine-3-carboxyIatB at 30 °C while stirring. After completion of the addition, the mixture was 
reacted at the same temperature for 4 hours. After the reaction mixture was cooled, crystals precipitated were 
collected by filtration and washed with ethanol. To the crystals were added 12 ml of a 6N hydrochloric acid 
aqueous solution, and the mixture was refluxed by heating for 6 hours. After cooling, the reaction mixture was 
adjusted to pH 8,5 with a 1N sodium hydroxide aqueous solution, and crystals precipitated were collected by 
fatration and applied to silica gel column chromatography (the eluent used was a mixture of chloroform : me- 
thanol = 9.5 : 0.5) to obtain 0.87 g of the title compound as slightly yellow powder. 
Melting point 272 to 273 °C 

NMR(DMSO-de, 8): 2.97 (4H, br.s). 3.71 (4H. br.s), 3.80 (3H, s), 6.86 ~ 7.70 (8H, m). 8.17 ~ 8.20 (1H, d, 
J=13.6Hz), &70 (1H. s). 15.13 (1H, s) 
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MS spectrum (CI) : m/e 493 (M + +1 ) 
Examples 91 to 93 

By the same method as in Example 90, compounds shown in Table 24 were synthesized. 



10 



15 



Table 24 




COOH 



Example 


Rl 


R3 


m.p. CC) 


91 


Ethyl 


2-Methoxvphenvl 


218 to 220 


92 


Ethvl 


2-Pvrimidinvl 


296 to 2 98 


93 


2, 4-Dif luorophenyl 


2-Pyrimidinvl 


271 to 272 



25 



Example 94 

30 Synthesis of 1-ethyl-6-fluoro-8-difluoromethoxy-7-[3-^ ,4-dihydro-4- 
oxoquinoline-3-carboxyfic acid 



35 



40 




COOH 



C 2 H 5 



45 



60 



55 



In 60 ml of pyridine were dissolved 3.19 g (0.01 mole) of 1-ethyt-6,7-difluoro-8-difluoromethoxy-1 t 4- 
dihydro-4-oxoquinoline-3-carboxylic acid and 3.0 g (0.03 mole) of 2-methylpiperazine, and the mixture was stir- 
red at 105 to 110 °C for 2 hours. Then, the solvent was removed under reduced pressure. Water was added 
to the residue, and crystals precipitated were collected by f titration, washed with water and ethanol, and dried 
to obtain 3.23 g of 1^thyl-6-fluoro-8-difluorcm^^ 
3-carboxylic acid as pale yellow powder. 

To 20 ml of N,r4-dimethyfformamide were added 1.6 g (0.004 mole) of the powder, 0.9 g (0.008 mole) of 
2-chIoropyrimldine and 0.81 g (0.008 mole) of trfethytamlne, and the mixture was stirred at 130 °C for 15 hours. 
Then, the solvent was removed under reduced pressure. Ethanol was added to the residue, and crystals pre- 
cipitated were collected by filtration and applied to silica gel column chromatography (the eluent used was a 
mixture of chloroform : methanol = 9.5 : 0.5) to obtain 0.34 g of the title compound as pale yellow powder. 
Melting point 219 to 221 °C 
MS spectrum (CI) : m/e 478 (M + +1 ) 
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Elemental analysis (%) : in terms of C22H22F3N5O4 




Calculated: 


C: 55.35, 


H:4.64, 


N: 14.67 


5 


Found: 


C: 55.41, 


H: 4.56, 


N: 14.65 



10 



Examples 95 and 97 

Using a similar method to Example 94, but using appropriate starting materials, the compounds shown in 
Table 25 were synthesized. 



15 



Table as 



20 



25 



30 



35 




COOH 



Example 


Rl 


R2 


R3 


R4 


m.p. CO 


95 


t-Butvl 


' H 


2-Pyrijnnirfinyl 


H 


276 to 278 


96 
(The c 


Ethyl 
ompound 
but 


Difluorometnoxy 
is the same co 
prepared bv a 


2-Pyrimidinyl 
mpound as th< 
different met 


H 

it Of E 
:hod.) 


252 to 254 
xample 67 


97 


Cyclo- 
propyl 


Methoxy j 


2-Pyriiiddinyl J 


Methyl | 


235 to 237 



40 



Example 98 

Synthesis of 1-ethyL6-fluoro-8-difluoromethoxy-7^ 4-dihy- 
dro-4- oxoquinoJine 



45 



50 




In the same manner as in Example 1, 4.85 g of 3^no-1-ethyl-6,7^inuoro-8^ifluoromethoxy-1,4-dihy- 
dro-4-oxoquinoline and 9.49 g of H2^yrimidirryi)piperazine to obtain 4.2 g of 3-c^ano-1-ethyi-6-fluoro-8-di- 
fluorornethoxy-7^4K2-pyriirrid^ as a pale yellow powder. 

55 Melting point 286 to 290 °C (decomposed) 

To 25 ml of xylene were added 0.5 g (0.0011 mole) of 3-cyano-1-ethyl-6-fluoro-8-difluoromethoxy-7-[4- 
(2-pyrimidinyl)piperazir>-1-yl>1 ,4-dihydro-4-oxoquinoline obtained as described above, 0.21 g of (0.0033 mole) 
of sodium azide and 1.07 g (0.0033 mole) of tributyltin chloride, and the mixture was stirred under reflux by 
heating for 9 hours. After the mixture was cooled to room temperature, 7 ml of a 1 N hydrochloric acid aqueous 
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solution was added thereto, and the mixture was stirred. Then, crystals precipitated were collected by filtration, 
washed with ethanol and toluene, and applied to silica gel column chromatography (the eluent used was a 
mixture of chloroform : methanol = 9 : 1) to obtain 0.37 g of the title compound as pale yellow powder. 
Melting point 265 to 268 °C 
MS spectrum (CI) : m/e 488 (M++1) 



Elemental analysis (%) : in terms of CnHrfJW>r1l2H& 


Calculated: 
Found: 


C: 50.81, 
C: 50.96, 


H: 4.06, 
H:4.16, 


N: 25.39 
N: 25.58 



Example 99 

Synthesis of 1-ethyl-8-drfluoromethoxy-7-[4-(2-pyrim^ 
boxylic acid 




COOH 



The same reaction as in Example 1 was carried out by using 1-ethyl-7-fluoro-8-difluoromethoxy-1,4- 
dihydro-4-oxoquino- line-3-carboxylic acid and 1-(2-pyrimldinyl)plperazine to obtain the title compound as 
white powder. 
Melting point >300 °C 
MS spectrum (CI) : m/e 446 (M + +1) 



Elemental analysis (%) : in terms of C 21 H 21 F 2 Ns0 4 


Calculated: 
Found: 


C: 56.63, 
C: 56.70, 


H:4.75, 
H:4.62, 


N: 15.72 
N: 15.34 



Example 100 

Synthesis of 6-fluorc>-1-methyl-4K*o^ 
3-carboxylic acid 



0 




CH 3 



To 16ml of N.N^imethyrforrnarnide were added 2.0g (0.0064 mole) of ethyl 6,7-drfiuoro-1-methyW-oxo- 
1 H,4H-[1 ,3]thiazeto [3^-a]quinoline-3-carboxylate [which is a pale yellow powder (melting point: 1 98 to 200°C) 
prepared according to the method described in Reference example 1 of Japanese Provisional Patent Public- 
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ation No. 107990/1988], 3.0g (0.0129 mole) of 1-(2-pyrimfdinyl)piperazine dihydrochloride and 3.9g (0.0256 
mole) of 1,B-diazabicydo[5.4.0H-undecene, and the mixture was stirred at room temperature for 5 days. The 
reaction mixture was added to water, and crystals precipitated were collected by filtration, washed with water 
and dried to obtain 2.8 g of ethyl 6-fluorcMHrnethyK4^xo-7^4^2-pyri 
zeto[3^-a]quinoIine-3-carboxylate as pale yellow powder. 

To 0.8 g (6.0018 mole) of the powder were added 5 ml of methanol, 1 ml of dioxane, 1 ml of water and 7 
rrd of a 1N sodium hydroxide solution, and the mixture was stirred at room temperature for 3 days. The reaction 
mixture was adjusted to pH 7.2 by adding a diluted acetic acid aqueous solution, and crystals precipitated were 
collected by filtration and applied to silica gel column chromatography (the eluent used was a mature of chloro- 
form : methanol = 20 : 1) to obtain 0.22 g of the title compound as slightly yellow powder. 
Melting point 266 to 268 °C (decomposed) 
MS spectrum (CI) : m/e 428 (M + +1) 



Elemental analysis (%) : in terms of 




C2oHi8FN 5 0 3 S.1/2H 2 0 






Calculated: 


C: 55.04, 


H: 4.39, 


N: 16.05 


Found; 


C: 54.85, 


H:4.19, 


N: 15.92 



Example 101 

Synthesis of 1-ethyl-6-fluoro-8-dif luoromethoxy-7-[(4-hydroxy-3-phenylamino)pyrrolidin-1-yl>1 ,4-dihydro-4- 
oxoquinoline-3-carboxytic acid 



O 




COOH 



To 20 ml of pyridine were added 0.9 g (0.0028 mole) of 1-ethyl-6.7-difluoro-8-dif luoromethoxy-1 ,4-dihydro- 
4-oxoquinoiine-3-caifcoxylic acid, 1.52 g (0.0071 mole) of (4-hydroxy-3-phenylamino)pyrrolidine hydrochloride 
and 1.6 g (0.0142 mole) of triethylenediamine, and the mixture was stirred at room temperature for 30 minutes, 
followed by stirring at 105 to 110 °C for 3 hours. Then, the solvent was removed under reduced pressure. Water 
was added to the residue, and crystals precipitated were collected by f fltration, washed with ethanol and ap- 
plied to silica gel column chromatography (the eluent used was a mixture of chloroform : methanol = 9.5 : 0.5) 
to obtain 0.71 g of the title compound as slightly yellowish white powder. 
Melting point 233 to 235 °C 
MS spectrum (CI) : m/e 478 (M++1) 



Elemental analysis (%) : in terms of C^H^FaNaOs 


Calculated: 
Found: 


C: 57.86. 
C: 57.83, 


H: 4.64, 
H: 4.59, 


N: 8.80 
N: 8.80 



Examples 102 and 103 

Using a simBar method to Example 101, but using appropriate starting materials, the compounds shown 
in Table 26 were synthesized. 
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Table 26 




COOH 



Example 




R2 


R« 


R8 


m.p. CC) 


102 


Ethyl 


Dif luoro- 
methoxv 


2-Pyrimi- 
dinvl 


H 


223 to 225 


103 


Ethyl 


Dif luoro- 
methoxv 


Phenyl 


Methoxy 


209 to 211 



20 

Example 104 

Synthesis of 2-morpholinoethyl 1-ethy»-6-f luoro-8-difluoromethoxy-7^ 
hydro-4-oxoquinoline-3-carboxylate 

25 



F 

€N / v 

>-N « 
N W 



35 

In 3 i of methylene chloride were added 58.94 g (0.127 mole) of 1-ethyJ-6-f luon>8-difluoromethoxy-7-[4- 
(2-pyrimidiny!)pipera2in-1-yl>1 > 4-dihydro^-oxoquinoline-3<art)oxylic acid, 25.05 g (0.191 mole) of 4-(2-hy- 
droxyethyl)morphoJine f 23.3 g (0.191 mole) of 4-dimethylaminopyridine and 48.8 g (0.254 mole) of 1-ethyl-3- 
(3-dimethylaminopropyi)carbodiimide hydrochloride, and the mixture was stirred at room temperature for 4 

40 days. Then, the solvent was removed under reduced pressure. The residue was dissolved in chloroform, wash- 
ed with a 1 N hydrochloric acid aqueous solution, washed with water and dried. The solvent was removed under 
reduced pressure, and the residue was applied to sflica gel column chromatography (the eluent used was a 
mixture of chloroform : methanol : 28 % aqueous ammonia = 40 : 9 : 1) to obtain 50.25 g of the title compound 
as slightly yellowish white powder. 

45 Melting point 1 62 to 1 64 °C 

MS spectrum (CI): m/e 577 (M++1) 





Elemental analysis (%) : in terms of C27H^F z h^O s M2H 2 0 


60 


Calculated: 


C: 55.38, 


H: 5.34, 


N: 14.35 




Found: 


C: 55.06, 


H: 5.20, 


N: 14.26 
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Using a simflar method to Example 104, but using appropriate starting materials, the compounds shown 
in Table 27 were synthesized. 
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Table ?7 




OCHF 2 ^i 



Exam- 
ple 




R3 


2 


m.p. rc> 


15 

105 
10S 

" 7 
108 


Ethyl 
Ethyl 
Ethyl 
Methyl 


2-Pyrimi- 

dinyl 

2-Pyrimi- 

dinyl 

2-Pyrimi- 

dinyl 

2-Methoxy- 
phenyl 


Ethoxycarbonyl 

2-Piperidinoethoxy- 
carbonyl 

2- <4-methylpiperi- 
dino) ethoxycarbonyl 
2-Morpholinoethoxy- 


138 to 141 
140 to 143 
186 to 188 
192 to 193 



25 Example 109 

, Synthesis of 9-ethyl-6-fluoro-8-dffluorometho>cy-7^^^ 
zolo-[5 f 4-b]quinolin-3 f 4-dione 

30 



35 



\= N V 




OCHF 2 



C 2 H 5 



NH 



/ 



40 



45 



50 



The same reaction as in Example 1 was carried out by using 500 mg (1 .44 mmole) of 9-ethyi-6,7-dif luoro- 
8-difluoromethoxy-23.4 t 9-tetrahydroisothiazoIo[5 ( 4-b]quino!in^ and 1.9 g (11.5 mmole) of 1-(2-pyri- 

midinyl)piperazine to obtain 1 0 mg of the title compound as pale yellow powder. 
Melting point 259 to 262 °C 
MS spectrum (CI): m/e 493 (M++1) 



Elemental analysis (%) : in terms of 




CaiH^FaNeOaSl^aO 






Calculated: 


C: 50.30, 


H: 3.82, 


N: 16.75 


Found: 


C: 50.56, 


H-.3.51, 


N: 17.03 



Example 110 
AnfrHIV Activity 

Anti-HIV activity for the compounds of the present Invention was assayed by the method of Pauwel, et aJ, 
[Pauwel, R., et al, J. Virological Methods (1988), 20, 309-321 J. 
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Exponentially growing MT-4 cells were centrifuged, and the pellets were resuspended in RPMI-1640 me- 
dium containing 1 0% fetal serum (serum medium). Portions of t he cell suspension were either inoculated with 
HIV, or left uninfected Serum medium was then further added to the suspensions, which were then washed 
and centrifuged. The resulting peliets were then suspended In serum medium to a concentration of 4 x10 5 
ceils/ml. Preparations of the test compound (in serum medium) were deleted in a stepwise manner, and 1 00 
\il of each of the solutions were placed in separated wells of a 96-well plastic microtitre plate. 1 00 |il of each 
of the cell suspensions (infected and non-infected) were then added to the wells, so that each dilution of each 
of the test compounds was tested against both infected and non-Infected cells. Blanks (not added either of 
the cells) were also prepared. The preparations were then cultured by standing the plate at 37 °C for 5 days 
in the presence of 5 % carbon dioxide gas. 

At the end of this time, living cells were assayed for CPE inhibitory activity by the spectrophotometric assay 
of the blue formazan produced by the reduction of MTT[3-(4,5-dimethylthia20l-2-yl)-2,5-diphenyl-tetra2dium 
bromide] which was added to the preparations. r—..^;^ ■?< 

CPE inhibitory activity was defined as 100% in non-infected cells to which no test compounds had been 
added, while CPE inhibitory activity was defined as 0% in infected cells to which test compounds had not been 
added. The effective concentration (EQso) of the compound at which 50% CPE inhibition was observed in HIV 
infected ceils was then determined. Asecond index was then generated, concerning cellular cytotoxic activity 
of the compounds, by calculating the concentration (CCa) at which the test compounds caused 50% growth 
inhibition of non-infected cells. 

Finally, a selective index (S.I.) was generated by calculating the value of CCso/ECso, to give an index of 
anti-HIV activity. The results are shown in Table 28. 

Analysis of the preparations, at various stages, indicated that the cells and preparations consistently re- 
mained mycoplasma-free. 
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Table 28 



Compound of Example 


EC50 MS/ml 


S.I. 


1 


0.015 


400 


2 


0.03 


100 


6 


0.02 


34 


7 


0.22 


113 


8 


0.1 


500 


17 


0.5 


250 


18 


0.07 


121 


19 


0.07 


57 


21 


0.037 


16 


23 


0.021 


309 


24 


0.07 


257 


29 


0.05 


22 


37 


0.23 


>109 


38 


0.07 


79 


46 


0.06 


155 


53 


0.3 


>83 


63 


0.01 


1000 


67 (96) 


0.08 


>500 


70 


0.5 


20 


85 


1.0 


17 


87 


0.074 


>512 


92 


0.8 


31 


94 


0.5 


21 


95 


0.4 


>62 


99 


1.0 


>25 


100 


0.4 


9 



As can be seen from the above Table, the compounds of the present invention are effective in very small 
doses, and also exhibit an extremely high selective index. 

By contrast the prior art compounds (shown in Tables 29 and 30 below), and which are known as antn 
bacterials, all had an EC50 in excess of 100 jig/ml, when tested as above. Thus, the known compounds are at 
least 100 times less effective than the compounds of the present invention as anti-HIV agents. 
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COOH 



General name 


o 




R3 


R* 


Enbxacin 




Ethyl 


H 


H 


C iprof loxac in 


=CH- 


Cyclopro- 
pyl 


H 


H 


Norfloxacin 


=CH- 


Ethyl 


H 


H 


Ofloxacin 


=C-OCH 2 -CH(CH3)- 


Methyl 


H 


DR-3355 


=C-0-CH2-CH(CH 3 }- 
(s) 


Methyl 


H 


Lomef loxacin 


=CF- 


Ethyl 


H 


Methyl 


Fleroxacin 


=CF- 


2-Fluoro- 
ethyl 


Methyl 


H 


Dif loxacin 


=CH- 


4-Fluoro- 
phenyl 


Methyl 


H 



r 6 -nh 




COOH 



General name 


Rl 


Q 


R6 


R8 


Tosuf loxacin 


2, 4-Dif luoro- 
phenyl 


=N- 


H 


H 
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Reference example 1 

Synthesis of 6 J-difluoro-8-difluoromethox 
s acid ! 



10 



15 




In 37 nit of toluene was dissolved 30 g (0.1 24 mole) of 2,4,5- trif luoro-3-d ifluoromethoxybenzoic acid, and 
35 ml of thionyl chloride and 0.5 ml of N,N-dimethy[formamide were added thereto. The mixture was refiuxed 
20 by heating for 4 hours. After the reaction, toluene and excess thionyl chloride were removed under reduced 
pressure to obtain 2 f 4,5-trifluoro-3-difluoromethoxybenzoyl chloride. 

Separately, 15.5 g (0.1 35 mole) of magnesium ethoxide and 20.9 g (0.1 30 mole) of diethyl matonate were 
refiuxed by heating In 1 00 ml of anhydrous tetrahydrofuran for 2.5 hours under stirring to obtain a tetrahydro- 
furan suspension of diethyl ethoxy magnesium maionate. To the suspension was added dropwlse a solution 
25 of the above acid chloride dissolved In 20 ml of tetrahydrofuran at room temperature under stirring, and the 
mixture was further stirred at room temperature for 2 hours. To the reaction mixture was added 100 ml of 1N 
hydrochloric acid, and the mixture was stored vigorously. The mixture was separated, and the organic layer 
was washed with water and dried over anhydrous sodium sulfate. Then, the solvent was removed under re- 
duced pressure to obtain 51.8 g of diethyl 2,4,5-trif iuoro-3-dif luoromet hoxybenzoylmalonate as pale red liquid. 
30 MS spectrum (CI) : m/e 385 (rVT+1) 

m/e 339 (NT-OC^) 

Next, the liquid obtained was mixed with 200 ml of dioxane, and 23.6 g (0.124 mole) of p-toluenesuifonic 
acidmonohydrate was added thereto. The mixture was refiuxed by heating for 8.5 hours. The reaction mixture 
was concentrated under reduced pressure, to the residue were added water and 10.41 g (0.124 mole) of sodium 
35 hydrogen carbonate, and the mixture was extracted with ethyl acetate. The ethyl acetate layer was washed 
with water, dried over anhydrous sodium sulfate and then concentrated under reduced pressure to obtain 32.0 
g of ethyl 2,4,5-tnf luoro-3-difluoromethoxybenzoytacetate as yellow liquid. 
MS spectrum (CI) : m/e 313 (M++1) 

m/e 225 (M + -CH 2 COOC 2 H 5 ) 

40 To 4.85 g (0.0155 mole) of ethyl 2,4,5-trifluoro-3-d if luoromet hoxybenzoyiacetate obtained as described 
above were added 11 ml of acetic anhydride and 3.2 ml of triethyl orthoformate, and the mixture was refiuxed 
by heating for2 hours. Then, excess acetic anhydride and triethyl orthoformate were removed under reduced 
pressure. The residue was dissolved in 150 ml of dichJoromethane, and to the solution was added dropwise 
2.01 g (0.0186 mole) of 2-aminomethyI pyridine under ice cooling and stirring. The mixture was stirred under 

45 ice cooling for 1 hour. The reaction mixture was concentrated under reduced pressure, and the residue was 
applied to silica gel column chromatography (the eluent used was a mixture of toluene : ethyl acetate = 9:1) 
to obtain 6.56 g of ethyl 2-{2,4,5-trif luoro-3-d if luoromet hoxyberizoyl)-3-(2-pyridyimethylamino)acrylate as am- 
ber liquid. Recrystailization was carried out by using n-hexane to obtain 3.6 g of white crystals. 
MS spectrum (CI): m/e 431 (M++1) 

so In 50 ml of N,N-dimethylformamide was dissolved 5.6 g (0.013 mole) of ethyl 2-(2,4,5-trif!uon>3-difluor- 
onriethoxyberizoyl)-3^2-pyridylmethylarnino)aa7late, and 2.2 g (0.026 mole) of sodium hydrogen carbonate 
was added thereto. The mixture was stirred at 120 °C for 30 minutes. Then, the reaction mixture was poured 
into 200 ml of water, and crystals precipitated were collected by filtration. The collected crystals were washed 
with water and ethanol and dried to obtain 2.6 g of ethyl 6,7-dinuon>&-difluoromethoxy-1-(2-pyridylmethyl)- 

55 1 ,4-dihydro-4-oxoquinoline-3-caifcoxylate as yellow crystals. 
MS spectrum (CI): m/e 41 1 (M*+1) 

Next 1-7 g (0.0041 mole) of the ester compound was suspended in a mixed solution of 4.2 mi of acetic 
acid, 1.5 ml of water and 0.48 ml of cone, sulfuric acid, and the suspension was refiuxed by heating for 2 hours 
under stirring. After the suspension was cooled to room temperature, water was added thereto and insolubles 
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were collected by filtration. The insolubles collected by filtration were washed with water and dried to obtain 
1.1 g of 6J-dffluoro-8-dfflucromethoxy-1^2-p^ acid as 

white crystals. 

Melting point 207 to 213 °C (decomposed) 
MS spectrum (CI): m/e 383 (M + +1) 

Reference examples 2 to 9 

In the same manner as in Reference example 1, compounds shown in Table 31 were synthesized. 



Table 31 



o 

F ^^^r C00H 

OCHF 2 I a 
R 



Refer- 
ence 
exam- 
ple 


Rl 


Physical properties 


MS spectrum (CI) 


m.p . 


Shape 


2 


H 


m/e 292<M + +1) 
247(M + -C0 2 ) 


275 to 277 X 


White 
crystal 


3 


-CH 2 CH 2 OH 


m/e 336(M++1) 
29KM+-C02) 


176 to 177 *C 


White 
powder 


4 


-CH 2 CH-CH 2 


m/e 332(M++1) 
288(M+-C0 2 ) 


149 to 151 *C 


White 
crystal 


5 


-CH 2 CsCH 


m/e 330(M++1) 
285(M+-C0 2 ) 


168 to 169 X 


White . f 
crystal 


6 


/ \ 

-CH 2 CH 2 -N^ p 


m/e 405(M + +1) 


161 to 167 *C 


Slightly 

yellow 

powder 


7 


-CH 2 CH 2 -n' 

XH 3 


m/e 363(M^+1) 


186 to 188 # C 


White 
powder 


8 ! 


-CH 2 CH 2 -0-CO-CH3 


m/e 378<M++1) 
333(M+-C02) 


115.5 to 116.5 
X 


White 
powder 


9 


-CH 2 -CO-0-CH 3 


m/e 364(M + +1) 


187 to 189 *C 


Slightly 

yellow 

powder 
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Reference example 10 

Synthesis of 1-ethyl-7-fluoro-8-difluoromethoxy-1 f 4-dihydn>4-oxoquinoline-3-carboxyiic acid 

5 

O 

COOH 



" ~*C 2 H 5 

15 

In 290 ml of acetic acid were dissolved 26.4 g (0.168 mole) of 2-fluoro-6-nitrophenol and 17.2 g (0.168 
mole) of acetic anhydride, and 3.0 g of 5 % palladium carbon was added thereto. Hydrogen gas was passed 
through the mixture, with stirring, at room temperature for 2 hours. After the reaction mixture had been filtered 
and the filtrate concentrated under reduced pressure, the residue was extracted with ethyl acetate. The ethyl 
20 acetate layer was washed with water and dried over anhydrous sodium sulfate. The solvent was removed under 
reduced pressure, and the residue was applied to sOica gel column chromatography (the eluent used was a 
mixture of ethyl acetate : toluene = 1 : 2) to obtain 25.9 g of 2-acetylarnino-6~fluorophenol as brown crystals. 
MS spectrum (CI): m/e 170(M*+1) 

m/e 127 (M*+1-COCH 3 ) 

25 In 110 ml of N,N-dimethyiformamlde was dissolved 25.9 g (0.153 mole) of 2-acetyIamino-6-fluorophenoi 
obtained as described above, and 25.4 g (0.184 mole) of potassium carbonate and 33.1 g (0.383 mole) of chlor- 
odifluorornethane were added thereto. The mixture was stirred in an autoclave at 100 °C for 5 hours. After 
completion of the reaction, the reaction mixture was poured Into 1 £ of water and extracted with ethyl acetate. 
The ethyl acetate layer was washed with water and dried over anhydrous sodium sulfate. Then, the solvent 

30 was removed under reduced pressure, and the residue was applied to silica gel column chromatography (the 
eluent used was a mixture of ethyl acetate : toluene = 1 : 3) to obtain 30.4 g of 3-fluoro-2-difluorornethoxya- 
cetanflide as slightly brownish crystals. 
MS spectrum (CI): m/e 220 (M + +1) 

In 180 ml of ethyl alcohol was dissolved 30.3 g (0.138 mole) of 3-fluoro-2-difluoromethoxyacetanilide ob- 

35 tained as described above, and 50.3 ml of cone, hydrochloric acid was added thereto. The mixture was refluxed 
by heating for 3 hours. After completion of the reaction, ethyl alcoholand cone, hydrochloric acid were removed 
under reduced pressure, and 200 ml of water was added to the residue. The mixture was neutralized with po- 
tassium carbonate and then extracted with chloroform. The chloroform layer was washed with a saturated sal- 
ine solution and dried over anhydrous sodium sulfate. Then, the solvent was removed under reduced pressure, 

40 and the residue was applied to silica gel column chromatography (the eluent used was chloroform) to obtain 
22.4 g of 3-fluoro-2-difluoromethoxyaniline as red liquid. 

A mixture of 22.4 g (0.127 mole) of 3-f!uoro-2-drfluoromethoxyaniline obtained as described above and 
27.4 g (0.127 mole) of diethyl ethoxymethylenemaJonate was heated at 120 °C for 5 hours. The mixture was 
cooled to room temperature, n-hexane was added thereto, and the mixture was filtered. Products collected by 

45 f itration was washed with n-hexane and dried to obtain 37.5 g of N-(2^-diethoxyc»rbonytvjnyl)-3-fluoro-2-di- 
fluoromethoxyaniline as white powder. 

A mixture of 10.0 g (0.029 mole) of N-(2£-diethoxycarbonyivinyl)-3-flu^ ob- 
tained as described above and 70 ml of diphenyl ether was refluxed by heating for 30 minutes. The mixture 
was cooled to room temperature, and n-hexane was added thereto. Crystals precipitated were collected by 

so titration and dried to obtain 5.25 g of ethyl 7-f lucTo^dinuoromethoxy^hydroxyquinoline-3-<^rboxylate as 
white powder. 

Melting point 218 to 219 °C 

MS spectrum (Ci): m/e 302 (M + +1) 

In 96 ml of N,N-dimethyiformamide was dissolved 3.0 g (0.01 mole) of ethyl 7-f luoro-8-difiuoromethoxy- 
55 4-hydroxyquinoline-3-carboxylate obtained as described above, and 6.9 g (0.05 mole) of potassium carbonate 
and 12.5 g (0.08 mole) of ethyl iodide were added thereto/The mixture was stirred at 100 °C for 14 hours. 
After completion of the reaction, the solvent was removed under reduced pressure, and water was added to 
the residue. Crystals precipitated were collected by filtration and applied to silica gel column chromatography 
(the eluent used was a mixture of chloroform : methanol = 95 : 5) to obtain 1.1 g of ethyl 1-ethy1-7-fluoro-8- 
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difluoromethoxy-1 r 4-dihydro-4-Qxoquino!ine-3-carboxylate as white crystals. 
Melting point 214.5 to 215.5 °C 
MS spectrum (CI): m/e 329 (M++1) 

Next, 1 .1 g (0.0033 mole) of the ester compound was suspended in a mixed solution of 9 mJ of acetic acid, 
6.6 ml of water and 1 2 ml of cone, sulfuric acid, and the suspension was ref luxed by heating for 2 hours under 
stirring. After the suspension was cooled to room temperature, water was added thereto and insolubles were 
collected by filtration. The insolubles collected by filtration were washed with water and dried to obtain 0.85 g 
of 1-ethyl-7-fluoro-8-difluorGmethoxy-1,4-dfo^^ acid as white crystals. 

Melting point: 169 to 170 °C 
MS spectrum (CI): m/e 302 (M + +1) 

Reference example 11 

Synthesis of 3-cyano-1-ethy^6,7-difluoix>-8^muorom 



To 36.0 g (0.15 mole) of 2,4,5-trifluoro-3-difIuoromethoxybenzolc acid were added 45 ml of toluene, 15 ml 
of thionyl chloride and 0.2 ml of N,N-dimethylformamide, and the mixture was ref luxed by heating for 4 hours- 
After the reaction, toluene and excess thionyl chloride were removed under reduced pressure to obtain 2,4,5- 
bifluoro-3-difluoromethoxybenzoyI chloride. 

In 75 ml of anhydrous tetrahydrofuran was dissolved 15.2 g (0.158 mole) of 3-dimethylaminoacrylonitrile, 
and 16.7 g (0.165 mole) of triethylamine was added thereto. To the mixture was gradually added dropwise at 
room temperature a solution of the above acid chloride dissolved in 15 ml of anhydrous tetrahydrofuran. After 
completion of the dropwise addition, the mature was ref luxed by heating for one hour, cooled to room temper- 
ature and then filtered. To the filtrate were added 9.7 ml of triethylamine and 14.7 g (0.18 mole) of ethylamine 
hydrochloride, and the mixture was stirred at 40 °C for 2 hours. The mixture was cooled to room temperature 
and then f atered. The filtrate was concentrated under reduced pressure, and the residue was applied to silica 
gel column chromatography (the eluent used was a mixture of ethyl acetate : toluene = 3 : 7) to obtain 39.3 g 
of 2-(2,4,5-trifluorc-3-difluorcfret^^ as red liquid. The product was dis- 

solved in 700 ml of a mixed solution of anhydrous diethyl ether and tetrahydrofuran, and 4.9 g (0.123 mole) of 
a 60 % sodium hydride-mineral ofl was gradually added thereto under ice cooling. The mixture was stirred at 
the same temperature for one hour. By adding 120 ml of a 1N hydrochloric acid to the reaction mixture and 
stirring the mature vigorously, the whole reaction mature was made acidic. Crystals precipitated were collect- 
ed by filtration, washed with water and then washed with diethyl ether to obtain 17.2 g of 3-cyano-1-ethyi- 
6,7-difluoro-8-dif luoromethoxy-1 ,4-dihydro-4-oxoquinoline as white powder. 
Melting point 194 to 195 °C 
MS spectrum (CI): m/e 301(M++1) 

Reference example 12 

Synthesis of 1-(4<6-dimethoxy-2-pyrimkJinyl)piperazine 



O 




C 2 H 5 




In 100 rrd of acetonitrfle was dissolved 10 g (0.0567 mole) of 1-benzylpiperazine, and 11.7 g (0.085 mole) 
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of potassium carbonate and 14.8 g (0.068 mole) of 4,6-dimethoxy-2-methylsulfonylpyrimidine were added 
thereto. The mixture was refiuxed by heating for 5 hours. The mixture was cooled to room temperature and 
then filtered. The filtrate was concentrated under reduced pressure, and the residue was applied to silica gel 
column chromatography (the eiuent used was a mixture of ethyl acetate : toluene = 1 : 9) to obtain 17.6 g of 
4-(4,6-dimethoxy-2-pyrimidinyl)-1-benzylpiperazine as colorless liquid. 
MS spectrum (CI): m/e 315 (M++1) 

In 110 ml of ethanol was dissolved 3.9 g (0.0125 mole) of 4-(4^6-dimethoxy-2-pyrimkJinyl>1-ben2ylpiper- 
azine obtained as described above, and 2.5 g of 5 % palladium carbon was added thereto. While ref luxing the 
mixture under heating, hydrogen gas was passed for 6 hours. The reaction mixture was cooled to room tem- 
perature and then filtered. The filtrate was concentrated under reduced pressure, and the residue was applied 
to silica gel column chromatography (the eiuent used was a mixture of chloroform : methanol = 9 : 1) to obtain 
1.38 g of 1-(4,6^imethoxy-2-pyiimidinyl)piperazine as pale red crystals. 
MS spectrum (CI): m/e 225 (NT+1) 

Reference example 13 

Synthesis of 1-(6-methoxy-2-pyridyl)piperazine 



In a sealed tube, 8.6 g of piperazlne and 2.9 g (0.02 mole) of 2-chloro-6-methoxypyridine were reacted at 
150 °C for 4 hours. After the reaction, the reaction mixture was applied to silica gel column chromatography 
(the eiuent used was a mbcture of chloroform : methanol : 28 % aqueous ammonia = 40 : 9 : 1) to obtain 2.4 
g of 1-(6-methoxy-2-pyridyl)piperazine as pale yellow liquid. 
MS spectrum (CI): m/e 194 (M*+1) 

Reference example 14 

Synthesis of 1-(2-thiazolyi)piperazine 



In 50 mi of acetonitrile was dissolved 5.0 g (0.0305 mole) of 2-bromothiazole, and 13.3 g (0.153 mole) of 
piperazlne, 8.4 g (0.061 mole) of potassium carbonate and a catalytic amount of potassium iodide were added 
thereto. The mbcture was refiuxed by heating for 5 hours. The mbcture was cooled to room temperature and 
then filtered. The filtrate was concentrated under reduced pressure, and the residue was applied to silica gel 
column chromatography (the eiuent used was a mbcture of chloroform : methanol : 28 % aqueous ammonia = 
40 : 9 : 1) to obtain 3.62 g of 1-(2-thiazo!yl)piperazJne as colorless liquid. 
MS spectrum (CI): m/e 170 (MN-1) - 

Reference example 15 

Synthesis of 1-(3-amino-2-pyrWyl)pipera2lne 






62 



EP0 572 259 A1 



10 



15 



20 



25 



30 



35 



40 



45 



50 



In 30 ml of methanol was dissolved 3.13 g (0.015 mole) of 1-(3-nitro-2-pyridyl)piperazine, and 2 g of 5 % 
palladium carbon was added thereto. While stirring the mixture at room temperature, hydrogen gas was passed 
through for one hour. The reaction mixture was filtered, and the filtrate was concentrated under reduced pres- 
sure to obtain 2.56 g of 1-(3-amino-2-pyridyl)piperazine as pale yellow liquid. 
MS spectrum (CI): m/e 179 (M + +1) 

Reference example 16 

Synthesis of 1-(2-benzoxazolyl)piperazine 



In 200 ml of acetonitrile were dissolved 33.6 g (0.39 mole) of piperazine and 10.0 g (0.065 mole) of 2-chlor- 
obenzoxazole, and 9.0 g (0.065 mole) of potassium carbonate and a catalytic amount of potassium iodide were 
added thereto. The mixture was refluxed by heating for 11 hours under stirring. The mixture was cooled to room 
temperature and then filtered. The filtrate was concentrated under reduced pressure, and the residue was ap- 
plied to sOica gel column chromatography (the eluent used was a mixture of chloroform : methanol = 9 : 1) to 
obtain 7.54 g of 1-(2-benzoxazolyi)piperazine as white crystals. 
MS spectrum (CI) : m/e 204 (M++1) 

Reference example 17 

Synthesis of 3-hydroxy-4-phenylaminopyrrolidine hydrochloride 



(1) In 20 ml of ethyl alcohol was dissolved 5 g (0.027 mole) of l-t-butoxycarbonyi-3-epoxypyrrolidine, and 
12.6 g (0.135 mole) of anSine was added thereto. The mixture was refluxed by heating for 20 hours. After 
the mixture was cooled to room temperature, the solvent was removed under reduced pressure, and the 
residue was applied to silica gel column chromatography (the eluent used was a mixture of ethyl acetate : 
toluene = 1 : 4) to obtain 4.85 g of 1-t-butoxycarbonyl-3-hydroxy-4-phenylaminopyrrolidine as yellowish 
brown crystals. 

MS spectrum (El) : m/e 278 (M*) 
m/e57(C 4 H 9 4 ) 

(2) In 100 ml of methanol was dissolved 2.4 g (0.0086 mole) of 1-t-butoxycaitorryl-3-hydroxy-4-phenyia- 
minopyrrplidine obtained as described above, and 30 ml of 6N hydrochloric acid was added thereto. After 
the mixture was refluxed by heating for 2.5 hours, the solvent was removed under reduced pressure. The 
resulting residue was washed with ethanol and ether to obtain 1.52 g of 3-hydroxy-4-phenyfaminopyrro- 
lidine hydrochloride as light brown powder. 

MS spectrum (CI): m/e 179 (M + +1) 
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Reference example 18 



Synthesis of 3-methoxy-4-phenylaminopyroiidine hydrochloride 




NH 



NH -HC1 



CH 3 0 



To 10 ml of anhydrous tetrahydrofuran was added 0.34 g (0.0085 mole) of a 60 % sodium hydride-mineral 
ot), and whle stirring the mixture at 45 to 50 °C, 1.21 g (0.0085 mole) of methyl iodide was added thereto. To 
the mixture was added dropwise a solution of 2.37 g of 1-t-birtoxyc^t>onyl-3-hydrpxy-4-phenylaminopyrrolH 
dine obtained in Reference example 17 (1) dissolved in 10 ml of anhydrous tetrahydrofuran, and the mixture 
was further stirred at the same temperature for 1 hour. After the mixture was cooled to room temperature, the 
solvent was removed under reduced pressure, and the residue was spplied to sflica gel column chromatography 
(the eluent used was a mixture of methyl acetate : toluene = 1 : 4) to obtain 1.98 g of 1-t-butoxycarbonyi-3- 
methoxy-4-phenyIaminopyrrolidine as white crystals. 
MS spectrum (CI) : m/e 292 (M 4 ) 

In 100 ml of methanol was dissolved 1.98 g (0.0068 mole) of 1-t-butoxycarbonyl-3-methoxy-4~phenylami- 
nopyrrolidine obtained as described above, and 23.5 ml of 6N hydrochloric acid was added thereto. The mixture 
was left to stand at room temperature overnight The solvent was removed under reduced pressure, and the 
residue was washed with ethanol to obtain 1.71 g of 3-methoxy-4-phenylaminopyrrolkline hydrochloride as 
white powder. 

MS spectrum (CI): m/e 193 (M + +1) 
Reference example 19 

Synthesis of 1-(6-ethyl-4-pyrimidinyl)piperazine 



To 12.4 g (0.1 mole) of 6-ethyl-4-hydroxypyrimidine was added 50 ml of 1,2-dichloroethane, and 18.4 g 
(0.12 mole) of phosphorus oxychloride was added thereto. The mixture was refluxed by heating for 3 hours. 
After cooling, water was added to the reaction mixture, and the mixture was extracted with chloroform. The 
chloroform layer was washed with water and dried over anhydrous sodium sulfate. The solvent was removed 
under reduced pressure to obtain 10,38 g of 4-chIoro-6-ethylpyrimidine as slightly red liquid 

Next, the liquid was mixed with 100 ml of acetonitrfle, and to the solution were added 11.5 g (0.073 mole) 
of 1-ethoxycarbonylpiperazine, 20.2 g (0.146 mole) of potassium carbonate and a catalytic amount of potas- 
sium iodide. The mixture was refluxed by heating for 1 0 hours. The reaction mixture was cooled to room tem- 
perature and then filtered. 

The fQtrate was concentrated under reduced pressure, and the residue was applied to silica gel column 
chromatography (the eluent used was a mixture of chloroform : methanol = 4 : 1) to obtained 20.69 g of 1-(6- 
ethyl-4-pyrimidinyl)-4-ethoxycarbonylpipera2lne as orange liquid. 
MS spectrum (CI) : m/e 265 (M++1) 

To 20.69 g (0.78 mole) of 1-(6-ethyl^pyrirrtdinyl)^thoxycart)onylpIperazine obtained as described 
above was added 200 ml of 6N hydrochloric acid, and the mixture was refluxed by heating for 18 hours. The 
reaction mixture was adjusted to pH 10 or more by adding sodium hydroxide, and extracted with diethyl ether. 
The organic layer was dried over anhydrous sodium sulfate. The solvent was removed under reduced pressure, 
and the residue was applied to silica gel column chromatography (the eluent used was a mixture of chloroform : 
methanol = 4 : 1) to obtain 1-(6-ethyM-pyrimidinyl)piperazine as colorless liquid. 
MS spectrum (CI) : m/e 193 (M*+1) 




64 



EP0 572 259 A1 

Reference example 20 

Synthesis of 9-ethyWjKiffiuQrT>-8-dffluorometto 



10 



15 



20 



25 



30 



35 




OCHF 2 



C 2 H 5 



According to the method as described in Reference example 23 of Japanese Provisional Patent Publication 
No. 209367/1991, the reaction was carried out to obtain the title compound as a pale pink powder. 
Melting point: 211 to 21 3 °C 
MS spectrum (CI) :m/e 349 (M + +1) 



Claims 

1. Compounds of formula (la), (lb) or (Ic): 




(la) 



40 



45 



50 





(lb) 



(Ic) 



55 in which 

X represents a hydrogen atom or a halogen atom; 

Y represents a hydrogen atom, a halogen atom, a lower alkyl group, an amino group, or an amino group 
substituted by one or two groups selected from lower alkyl and aralkyl groups; 
2 represents a carboxyf group or a 5-tetrazolyl group; 
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Q represents a nitrogen atom or a group of formula (d): 



where R 2 represents a hydrogen atom, a halogen atom, a lower alkoxy group, a lower alkoxy group 
substituted by one or more halogen atoms, a lower alkyl group, a lower alkyl group substituted by one or 
more halogen atoms; 

W represents an oxygen atom or a sulfur atom; 

T represents a alkylene group or a C 2 ^ alkenyfene group, said groups optionally being substituted 
by a lower aJkyl group; 

R 1 represents: a hydrogen atom; a lower alkenyl group which may optionally be substituted by one or more 
halogen atoms; a lower alkynyl group; an amino group which may optionally be substituted by one or more 
lower alkyl groups; a cydoalkyl group which may optionally be substituted by at least one halogen atom; 
a lower alkoxy group; an aryl group which may optionally be substituted by at least one substituent R° as 
defined below; a 5- or 6-membered aromatic heteromonocyclic group having one or two heteroatoms se- 
lected from N, O and S, said ring optionally being substituted by at least one substituent R° as defined 
below; a fused aromatic group consisting of a benzene ring fused with a 5- or 6-membered aromatic het- 
eromonocydic group as defined above, said fused group optionally being substituted by at least one sub- 
stituent R* as defined below; a lower alkyl group; or a lower alkyl group substituted by at least one sub- 
stituent selected from 

halogen atoms, hydroxy! groups, carboxyi groups, alkanoyfoxy groups, cydoalkyl groups, aryl 
groups which may optionally be substituted by at least one substituent R° as defined below, 5- or 6-mem- 
bered aromatic heteromonocydic groups having one or two heteroatoms selected from N, O and S, said 
ring optionally being substituted by at least one substituent R? as defined below, fused aromatic groups 
as defined above, said fused group optionally being substituted by at least one substituent R° as defined 
below, or an amino group represented by the formula (e): 



— < (e) 

r1 ° 

wherein R» and R 10 separately represent a hydrogen atom or a lower alkyl group, or R* and R 10 , 
together with the nitrogen atom to which they are attached, form a 3- to 7-membered saturated monocydic 
group comprising at least one further heteroatom seleded from N, 0 and S, 
or 

when Q is a group of formula (d), then R 1 and R 2 may together represent a group of formula (f): 

I, I 

Nch 2 >^ 

wherein A represents a hydrogen atom, or a lower alkyl group which may optionally be substituted 
by at least one substituent selected from halogen atoms, hydroxy and lower alkoxy groups; G represents 
a nitrogen atom or a group of formula (g): 



/ 

— CH^ <g) 



G 1 represents a methylene group, a carbonyl group, an oxygen atom, a sulfur atom or a group of 
formula -N(R«)-, where R 11 represents a hydrogen atom or a lower alkyl group; and p = 0 or 1; 
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R represents a group of formula (h) or (i): 




(h) 




(i) 



where R* and R e each represents an aryf group which may optionally be substituted by at least one 
substituent R° as defined below; a 5- or 6-membered aromatic heteromonocyclic group having one or two 
heteroatoms selected from N, O and S, said ring optionally being substituted by at least one substituent 
R° as defined below; a fused aromatic group consisting of a benzene ring fused with a 5- or 6-membered 
aromatic heteromonocyclic group as defined above, said fused group optionally being substituted by at 
least one substituent R° as defined below; 

R 4 » R 5 and R 7 may be the same or different, and each represents a hydrogen atom or a lower aikyl group; 
R 0 represents a hydrogen atom, a lower alkyl group, a hydroxy group or a lower alkoxy group; 
n = 1 or 2; 
m = 0 or 1; 
n ,= 1 or 2; and 
n"=1,2,3or4; 
and 

substituents R° are selected from halogen atoms, nitro groups, hydroxyl groups, lower alkyl groups which 
may optionally be substituted with at least one halogen atom, lower alkoxy groups, and amino groups 
which may optionally be substituted with one or two lower alkyl groups, and when there are two or more 
substituents R°, each may be the same or different, 
or a pharmaceutical^ acceptable salt or ester t hereof. 

2. Compounds according to Claim 1, wherein Q is a group of formula (d), and R 2 is a lower alkoxy group 
optionally substituted by at least one halogen atom. 

3. Compounds according to Claim 2, wherein R 2 is a methoxy group optionally substituted by at least one 
fluorine atom. 

4. Compounds according to Claim 3, wherein R 2 is a difluoromethoxy group. 

5. Compounds according to any preceding Claim, wherein said compounds have the formula (la), as defined. 

6. Compounds according to Claim 1, wherein said compound is of formula (la) and Q is a group of formula 
(d), wherein R 2 represents a hydrogen atom, a halogen atom or a lower alkyl group optionally substituted 
by at least one halogen atom. 

7. Compounds according to Claim 1 , wherein said compound is of formula (la), Q is a group of formula (d), 
and R 1 and R 2 together represent a group of formula -0-CH2-CH(A>, wherein A* represents a hydrogen 
atom or a lower alkyl group optionally substituted by at least one halogen atom. 

8. Compounds according to Claim 7, wherein A represents a monof luoromethyl group. 

9. Compounds according to Claim 1, wherein Q is a nitrogen atom. 

10. Compounds according to any preceding Claim, wherein R represents a group of formula (h). 

11. Compounds according to Claim 10, wherein R represents a group of formula (h), and R 3 is an aromatic 
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heterocyclic group. 

12. Compounds according to any preceding Claim, wherein R represents a group of formula (h) and R 3 rep- 
resents either a 5- or 6- membered aromatic heteromonocyclic group containing one or two nitrogen 
atoms, or a fused group consisting of said 5- or 6- membered aromatic heteromonocyclic group fused with 
a benzene ring, said group R 3 optionally being substituted by at least one substituent R°. 

13. Compounds according to any preceding Claim, wherein R represents a group of formula (h) and R 3 rep- 
resents a 5- or 6- membered aromatic heteromonocyclic group containing one or two nitrogen atoms. 

14. Compounds according to any preceding Claim, wherein R represents a group of formula (h) and R 3 rep- 
resents an aromatic heteromonocyclic group optionally substituted by at least one substituent R°. 

15. Compounds according to any preceding Claim, wherein R represents a group of formula (h) and R 3 rep- 
resents an aromatic heteromonocyclic group. 

16. Compounds according to Claim 14, wherein R 3 is a pyridyl group, a pyrazinyl group or a pyrimidinyf group, 
and is optionally substituted by at least one substituent R°. 

17. Compounds according to Claim 16, wherein said R is 4-(2-pyrimidinyi)plperazin~1-yt group. 

18. Compounds according to any of Claims 1 to 9, wherein R is a group of formula (h) and R 3 is a phenyl group 
optionally substituted by at least one substituent R°. 

19. Compounds according to any of Claims 1 to 9, wherein R represents a group of formula (i) and R 6 repre- 
sents either a 5- or 6- membered aromatic heteromonocyclic group containing one or two nitrogen atoms, 
or a fused group consisting of said 5- or 6- membered aromatic heteromonocyclic group fused with a ben- 
zene ring, said group R 6 optionally being substituted by at least one substituent R°. 

20. Compounds according to any preceding claim, wherein said compounds are of formula (la) or (lb) and R 1 
represents a hydrogen atom; an amino group; an amino group substituted by one or two lower alkyi groups; 
a cyclopropyi group; a lower alkyi group; or a lower alkyi group having a substituent selected from 

halogen, hydroxyl, lower aikanoyloxy, mono- or dMower alkyi-substituted amino, pyridyl and mor- 
pholino groups. 

21. Compounds according to any preceding claim, wherein X is a fluorine atom and Y is a hydrogen atom. 

22. Compounds according to any preceding claim, wherein Z is a carboxy group. 

23. Compounds according to any preceding Claim, wherein any unspecified halogen atoms are fluorine 
atoms. 

24. Compounds according to Claim 1 , selected from: 
1-cydopropyl-6^uoro-8<lifluo^ 
line-3-carboxylic acid, 
1-cydopropyl-6-fluoro^ifluorome 

yllc acid, 

1 -cydopropyi-6-fliioro-8^^ -yl}- 1 ,4-d I hy dro-4-oxoquino- 

line-3-carboxyiic acid, 

1 -cydopropyL64luoro-8-tfrfluoro 

3-carboxylic acid, 

6-fluon>8-difluoromethoxy-1-methyl-7-[4-(2-methoxyphenyl) piperazin-1-yl]-1,4-dihydro-4-oxoquino- 
line-3-carboxylic acid, 
6-fluoro-8^uot>methoxy-1-meth^ 
boxylic add, 

1 -{2-acetoxyethyl)-6-fluoro-8^ 
quinoHne-3-carboxylic add, 
1 -eth^6-fluoro-8KiffluQrometh 
carboxylic acid, 
1-ethyt^fluwt>-8-difluoro 
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ylic acid, 

9-fluoro-3-fluoromethyM 0-[4-(2-pyrimidinyOpipera2ln- 1-yl]-2,3-dihydro-7-oxo-7H-pyrido[1 ,2,3-de] [1 Ah 
benzoxazine-6- carboxyiic acid, 

2- morphollnoethy! 1 -et hyf-6-f Iuoro-8-dif luoromethoxy-7^4«{2-pyrimidinyl)piperazin-1-ylJ-1 ,4-dihydro-4- 
oxoquinoline-3-carboxylate, 

ethyl 1-ethyl-6-f!uoro^^ifluoronrethQ^ 

3- carboxytate v 

2-piperidinoethyl 1-ethyl-6-fluoro-8KJifIuoromethoxy-7^ 
oxoquinoline-3-carboxylate, 

2-(4-methylpiperidino)ethyl 1-ethyl-6-fIuort>-8-difluoromethoxy-7-[^^ 
dihydro-4-oxoquinoline-3-cart)oxylate, and 

2-morpholinoethyI 6-fluoro^drfluoromethoxy-1-methyl-7-^ ,4-di- 
hydro-4-oxoquinoline-3-carboxytate. 

25. A compound according to any preceding Claim, for use in therapy. 

26. A compound according to any of Claims 1 to 24, for use in the treatment or prophylaxis of AIDS. 

27. Use of a compound according to any of Claims 1 to 24 in the manufacture of a medicament for the treat- 
ment or prophylaxis of AIDS. 

28. An an ti-HIV composition comprising a compound according to any of Claims 1 to 24 as effective ingredient, 
together with a pharmaceutically acceptable carrier therefor. 
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